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PREFACE. 



In order to render this book useful to those who employ, or 
are employed about, Steam Engines, I have included in it 
various rules and practical data formerly published in my 
"Essay on the Boilers of Steam Engines," and have en- 
deavoured to embody tibe necessary information relative to 
such improvements in principle or construction as have come 
into practical use since the date of the former publication. 
This will, therefore, probably supersede the necessity of a 
new edition of that WQrk. 



R. A. 



22, Oreat Winchester Street, 
Old Broad Street, London, 
October, 1850. 
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STEAM BOILERS. 



On ihu Proporliong of Boilers luilable to dilTer^iit silu-ttiotii and lircu: 
sUucea; with Biamptca. 

Section 1. — Introddction. 

Without agreeing iu the opinion expressed by M. Ptimboar ' 
in the introduction to liia excellent trealise on llailwaj Loco- 
motive engines, uamel;, that the theory of the steam engine 
itself has not yet been explained, ne may with much truth 
affirm, that with respect to the steam boiler, eveu up to the 
present period (1850), his words are peculiarly applicable, 
however Bucceseful has been tlio general practice. 

Under auch circumstances it is not surprisiog that a great 
variety of opinions are held on the Bubj'(,t This difference 
tif opinion relates not only to the form of boilei best adapted 
Xo supply the greatest quautitj of steam with the least expen- 
dilure of fuel, but also to its dimensions or capacity suitable 
fur an engine of a given number of horses jioner; the mere 
arithmetic of the question remaining up to this day unsettled, 
or not generally agreed on ; this latter subject we propose to 
consider principally in this and the two following chapters. 

The only rule, if rule it be, for adjuatiug the dimensions of 
boilers amongst practical engineers cui \)0\\e.x -iaij>iSi»,Sa 'i.'!> 
eadeayour to have them Utger Oaau uecewa-vj -, Vev«R- ^^ 
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observation with them, that a lO-hoi-se eogiu 
ehould have a IS or 15-hors9 boiler, or a 20-horse eugine 
ought to have a SO-horse hoiler, and so ou. And we haw 
known more than, one exCeusive and successful manuiao- 
turer of engines, under 30-horse power, adopting the ruli 
of making their boilers always 2-horae power more thai 
the engines they are intended to drive. Certain vague nO' 
tioua have long existed amongst engineers, as well as witl 
some writers on the subject, that there ought to be about 
5 square feet of surfiiee of water, or of the largest horlaonUl 
section of the lioiler, for each horse power; and this mode d 
reckoning by water surface has more to do with the effeotiv* 
power of the boiler than at first view appears, but it onlj 
applies to the ordinary wagon boiler without internal flue. 
It has also been commonly considered that there ought to b« 
about '^5 cubic feet of space in the boiler for each horad- 
power. The first of these data has become common amongU 
. engine men as their only acknowledged rule for roughly «■ 
timaling the power of a boiler, although both it and Ite 
mode of estimating by the cubic capacity have generally 
scouted by scientific engineers; but with how little 
while the latter have not furnished us with better methods, ^ 
shall see in the sec|uel. 

After consulting Farey's, Tredgold'a, ond nearly tdl ^ 
other English works treating on the steam engine, besida 
discnsfting the matter with various eminent scientiHc pemOBl 
and pmctical engineers, as well aa with many of the mdii 
experienced manufacturers in Lancashire, we were coDTfi 
of the necessity of instituting and comparing a great nui 
of Qxperimenta ou a large as well as on a small scal^ 
under a variety of different circumstances, in order, if 
sible, to deduce rules that mjgbt at least be applicaMs tt 
those foi-ms of boilers in general use. 
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Section 3. — Experimental Boiler. 



Amongst our earlier esperiments, on a small scale, 
one with a common famace pot, or boiler, of cast ii 
Its are UBuaily eet in kitchens, sometimes called a copper; 
was capable of holding IS to SO gallons ; the fire grate wi 
tii(.'hes by 8, or one-third of a square foot in urea, and the 
ivliole of the heating surface exposed to the fire icaa about 
;i square feet. Into thia boiler was measured H cubic feet of 
ivater, wbieh was made to boil, after which it was found that, 
by feeding the fumace with coal and the boiler with water, 
anil at the same time managing the draught of ihe cbimuey 
ao as to keep the ivater boiliug nearly at a uniform rate, the 
' consumption of goud coal was at the rate of 4^ lbs. per 
i liour, and the quantity of water boiled away iu that time was 
exai-tly 2 gallons, or \ery nearly one-tbird of a cubic foot; 
the temperature of the water supplied, to malte up for tb* ■ 
tviiporation, being 63°. 

As it ia veiy common to reckoD the evaporation of a culnt J 
fiut of water per hour as sufficient to funiisb steam for onS ' 
lu-irse power, we liave only to multiply each of the foregoiaf 
iluta by three to obtain the following proportions : — 

I cubic fool of water evaporated per hour requires 

(I square feet, or 1 square yard of heating surface, 

1 square foot of surface of fire grate, and 

18^ lbs. of good coal. 
^\'e thus obtain what may be called a rough estimate of ■ 
boiler of l-horse power, and with an expenditure of i 
approacliiiig to what was formerly considered, by the old 
disciples of the Coulton and Watt school, the proper, though 
very ample allowance of 14 lbs. of coal per horse power per 

Thia experiment, which was frequenilY re'^*'*'^ *^*^ ^«xv- 

(liid in a variety of waja, itaa o! covtraa TasAft-«>.^ *^ asjs;^- 

^^med boiier, which induced mo \a ^ake, •b.^scto!^ *)-i».«stffl| 
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periraeuta with a. vai'iety of small closed Loilers, rti 
Bsaimilatcd to tlie cocditlon of an ordinary std) 
attacbed to an engine at work ; the results W 
casea^ whether under a pressure of 4 or 6 Iba. | 
inch, or open to the pressure of the atmoBphei^ 
nearly agreeing tvith the above, that, excepting hum 
quautity of water in the boiler, which increased tl| 
of fuel used in getting up the steam, but at the) 
lessened the other portion of the general conani 
lessening the difficulty of regulating the Cre, IJie H, 
being steadier, there was no other alteration thatj 
affected the results as given above. i 

Section 3.— Steam Engine and BoitER Honsi 

There is a remarkable coincidence in the 6gur« 
ing the dimeusiona of the apparatus and the effea| 
in the above experiment, 'which renders it extre^ 
nient for forming a uiiit measure of steam boiler po^l 
liave only to conceive a vessel, say a cube for i^ 
3 feet square, or a cubic yard in capacity, with its lol 
one square yard in area, and exposed to the actioat 
a grate of one square foot in area; let this vessel be j 
filled widi water, and then, after the steam is once ] 
have, by burning away 13 to 14 lbs. of coal in an h<M 
foot of water converted into steam, equal to the | 
the atmosphere or a little above. This, if well a|^ 
good Boulton and Watt engine, is well known to be I 
amply sufficient for one horse power. It will do H 
a small short-stroke engine working without expi 
sides allowing various sources of waste and leakagi 
perfect packing, &c. ; but in larger and long-strokj 
made to work to a certain extent expansively bm 
" Lap" on the valves or othenvise, and not loadea 
j-ond the nominal horse power of the engine, as wa( 
tice of the above celebrated firm lov &e \Bii'<,X-«! ' 
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its existence, the eteam from a cubic foot of n'ater usually | 
produced an effect approaching more nearly to ane-and-a-hd^ | 
horse power, thereby reducing the above rate of consump- f 
tioB below lOlba. instead of IJlba. per nominal horse power I 
i per hour. The entire meehanica! force developed ii 

■ poratioa of a cubic foot of water is, however, much greatei I 
] than this ; but the above may be talten as the worst result oh- * 

■ tdned from the low pressure condensing engine throughout 
I the cottoa manufacturing district of Lancashire for the last 
( quarter of a century, where the coal is generally of nu inferior 
I quality ; aud where, until within the lost ten years, such e: 

ginea, with steam not exceeding 6 lbs. or 7 Iba. per sqnan* I 
iiich above the atmosphere, and wagon boilers, were all but I 
universal. 
' The measure of a steam engine horae'a power as originally 
, settled by Mr. Watt, and to which both Farey, Tredgold, 
nnd all other engineers of eminence have agreed to refer as 
a. standard, is n power equal to lift 150 lbs. S^O feet high per 
minute, or, what is equivalent thereto, 33,000 lbs, raised j 
1 foot high iu the some time. It may be remembered that 
this was no fanciful standard of Mr. Watt's, but really taken 
by him as the aTorage power exerted by a mill-horse travel- 
ling at the rate of Sj miles an hour {or 220 feet a minute), 
and raising a weight of 150 lbs. by a rope, passing over a 
pulley, as appears by Mr. Watt's letter to Dr. Brewster, ii 
llie second volume of Dr. Robinson's Mechanical Philosophy, 
1832. This standard horse power of Mr. Watt's ought not 
to be departed from, it having the merit of great simplicity 
and convenience. One hundred and Jijly pounds being 
esftctly divisible by six, which is the effective pressure per 
eircuiar inch Oil the piston (nearly equal to 8 lbs. per square 
inch) considered most suitable for the best modern engines 
working with little expansion, gives exactly 35, which is 
the number of circular inches per horse power in Boultao. 
, aimI Walla original 40-horao engiuea iftt^ lie^.tVi. '^'b^'kAi 
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n cylinder of 5 inches diameter (= 26 circular iiw 
with an eiTective pressure of 8 lbs. per circular i 
piston travelling at the rate of 2Q0 feet a minute 
out one horse power. 

Section 4. — CoNsmrrriof of Fcel at Factory ' 

Regarding the quantity of fuel ordinarily consutnu 
engines in the factories of Yorkahire and Lancashi 
niense deal of misconception and ignorance has hit 
vailed in some quarters, which it will be worth soa 
to remove. Considering the great importance of d 
tistica on this branch of the subject, I took soma 
endeavouring to arrive at the truth previous to ih| 
statements on this head in my first practical Essay v 
published more than twelve years ago. In obtaini^ 
authorities in Manchester there was no dif&culty, I 
hundred cotton factories of that city 1 had dir^ 
to the coal account of nearly one-half, besides hai 
several years previously well acquainted with the m 
the working economy of their engines and boilers, 
this, I had a eimilar acquaintanceship with a stQ 
proportion of the factories in Preatou, Bolton, and S 
as well as throughout tlie cotton manufacturing dis); 
rally. Moreover, in stating that the consumption ot 
nominal horse power of the engines in the cotton i 
was something HrnJer 10 /is. per hour on the avera] 
not leave the fact to rest on assertion and anthori 
however indisputable, hut gave various reasons for i 
that it could not be more than 10 lbs. 

Notwithstanding this, some authors of large boohS 
mean pretensions to accuracy, as well as writers in ill 
scientific journals, have gone on from that day to ti 
rating the extravagant assertion, that the "' ordinat 
sawption of coal in the manufacturing distqcts is 1 
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1811)3. per horse per hour, while the same fiuftntity of worl 
is performed hy the Cornish, French, and Belgian enginoa, 
for 2i Iba, to 31bs., or apparently one-sixth of the Lanca»hire 
consumption. Now, to saj nothing of Belgium or France, 
the engineers of the latter country, being supplied with the 
game tools, the same means, and having generally speaking 
more science, and some other advantages, oU(iht really to go 
a step in advance of the native country of the eteam engine. 
The great disparity between the Cornwall and Ijancashire 
statements might have been reconciled by any common-senBe 
observer asking the simple question, Are not the Comiah en- 
gines of very great power, and generally not half loaded, while 
the Lancashire engines are frequently loaded to double their 
nominal power? — which would at once account for tico-thirda 
of the anomaly, while the rest is amply accounted for by tha 
great superiority of the Welsh coal used in Cornwall over the 
"Slftck"aad "Bui^ey"used in Lancashire. Although not 
very precise, this is a true and very neatly correct statement 
of the case, as we shall have several occasions te prove in the 
course of this work. 

It ought also to be home in mind that the 141bs., or Jth 
of a cwt. of coal per horse per hour spoken of, is the whole 
or "gross" consumption, which includes all that used for 
getting up the steam every morning, as well as to supply 
steam suflicient for heating the building. This, in the prac- 
tice of the best-regulated cotton mills iu Lancashire, ia 
found to be vei'y considerable, even during summer, in adi 
tiou to steam used for a great many other heating purpos 
peculiar to the cotton manufacture. One-eighth of a cwt. pi 
hour is equal to 10 cwt., or hall' a tan, for 80 hours ; and as 
13^ hours per day (when the engine works 12 hours), or 
rather more than 80 hours per week, is about the length of 
time that the boilers are at work during each week, in cot- 
ton mills, we may state generally that half a ton per horse 
power per week is the average gross consumption. 
^^Mow, in order to obtain tlie aveia^a iiel 
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Ihe cotton-mitl engines in Lancashire, we most fii 
the proportion required for " ateaming " the mill, 
it depends on a gi-eat many varying circumstanw 
easy to estimate. It is generally supposed that in 
construeted modem factoriea it is impossible to be 
from 10 to 15 percent. There is reason to believe 
counts of coals kept ivhere separate boilei's are use 
purpose, as well as from measni-e meats made of the 
of eondenaed steam-water obtained from the sted 
that the average quantity of fuel required for heatii 
ton mill cannot bo ao little as 20 per cent, of the wl 
sumption, and in one instance I found from the last-in 
mode of estimating, that it was near aO per cent. ; fc 
on the safe side, we will only take it at 15 per cent^ 
will leave 

!4 — (-^^ of 14 = ) 3-1 = ll'B Iba. per horse pd 
hotir for the consumption on account of the engine ah 
When the above estimates were made, the enj 
cotton factories uniformly worked 69 Lours per 
which calculation it will be best for our present pa 
adhere to. since the Short Time Act has introduced 
uncertain element, that is, the trant of uniformity in ( 
mills ; the only thing certain at present ascertained, 
the saving in fuel is nothing like equal to the dimin 
the time. This reckoning allows only 11 hours dui 
week for getting up the steam every morning, and fi 
pages at meal times, which gives one hour and ihre 
ters per day, with half~an-hour extra for Monday m 
All persons practically conversant with this subject 
tfaia is a very low estimate, and would not recb 
hours fiufBcicnt for this purpose, in nu average of m^ 
taking the year through. Considering also that tbei 
be at least as much coal laid on per hour, in gettingi 
steam, as is used per hour after, we are certain to bei 
the trutli hy allowing 15 per cent, of the whole consai 
J&r that purpase. Therefore, we \io.vc W'J \oa'4 \^ 



I fl-8 lbs., or say nearly 10 lbs. per horse per hour, as tke not 
consumption of coal whilo the engine is at work. There is 
great difficulty ,10 coming at the exact proportion in cotton 
factories, on account of the consumption for this purpose 
being unavoidably mixed up with that for steaming the mill 
before mentioned, which is always the greatest in the morn- 
ing at the same time when the steam is being got up for the 
engine ; consequently very great discrepancies of opini 
met with on the subject. 

Whatever may be the exact amount of each of the two" 
items we have been treating of, namely, for getting up the 
steam and for heating the mill, we are well assured that the 
combined amount of the two, OO per cent., at least, ought to 
he deducted from the gross amount of the coal used, in order 
to get at the net consumption while the engine ia at work, 
leaving it, as already stated, under lOlbg. per horsepower 
per hour. 

Now, it must not he forgotten that all the above state- 
ments and estimates are founded on the nominal horse power 
of the engines only, while it is well known that the cotton- 
mill engines are very commonly working to double their 
nominal power ; and usually considered light loaded if only 
working to one-half more, which latter proportion 1 would 
say is witbin the average load on the engines throughout the 
cotton-mill district. This consideration at once reduces tlie 
apparent consumption by one-third, or from 10 lbs. to between 
6 and 7 lbs. per horse per hour. 
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Sectiok 5. — The Fliied Ciiisdrical Boileb. 



The second e^erimental boiler I took some pains ^in 
veatigating was of a cylindrical shape, a kind commonly usi 
to high-pressure engines, as this one was, and generally con- 
sidered very safe and strong. Its dimensions were as follow 
(see Fig. 1). The shell of the boilot -waa % iefti-Y-a fcasjisiyw 
Bstoide, and 9 feet long ; it containeA a CTYmiiriMii- '&.vi.ei >»^ 

m^ ^-^ 1 



sei!^| 
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roiming tbrougli the lower part from end to end, of 18 iaolie; 
inside diameter. The firo grate was 3 feet 6 inches squave, 
or I'-JJ equure feet area, and placed under the boiler close to 
one end. The flafiie or smoke, after passing from the fiffl 
and under the hoiler hottom to the further end, risea np 
and returns through the inside flue to the front end' above 
the fire door, (vhere it ia allowed to divide itself into twd 
brick flues— one on each side— through Trhich it is condHCted 
along the aides of the boiler again to the back; here the two 
currents again unite, and proceed in one main flue to the 
chimney. When the current of smoke and hot air is thus 

_^Htled into two flues, it is called a " split draft," and wban 
it is continued round in the same direction, it is called a 
"wheel draft." 

Thia boiler, accordhig to the common horizontal measure- 
ment of 5 square feet, would be equal to nine horse po^fr; 
hut engineers who are in the practice of making this kind pf 
flued boilers usuallj consider the diameter of the inside Sn^ 
tube as etiuol to so much added to the width of tlie boiler. 

/i mode of esfimating its evaporating ^o"«et nA^hV ^-^^ v 
Kilt nearly coircct. For in cases VvVe t^^'^, \iV«a( 
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boiler is short in proportion to its length, a groai portion of 
tlie Same must act as effectually against the b)p of the inside 
flue as it would have done against a continustion of the 
boiler's bottom. So near, in fact, to the truth has all examina- 
tions of the power of boilera by this rule proved to he, that 
with a proper (liviflorand duo allowance being made for the 
capacity of tha boiler aa respecta room for natfir and stoam. 
I do not hositate to rucommend its general adoption for 
boilers of this description. With respect to the proper di- 
visor, it may be remarked, that although many practical 
engine and boiler makers iiave generally used the number 5, 
■which gives, as they term it, 3 square feet of '! surface of 
water " per horse power, others, and amongst them the late 
Mr, Benjamin Hick, of Bolton, were accustomed to give B^ 
square feet, hatb in cyliudrical and wagop boilei's ; while many 
country manufactur era, when ordering new boilera, have in- 
sisted on baving 6 feet of water surface per horse ; remarking, 
th&t after following that rule for many years they never got 
a boiler too large. 

We shall also very soon show that 5| square feet of " water 
surface " per horse is perhaps more eligible as being appU- 
cable to a greater variety of boilers. 

AccordiiiK to Mr. Hick's rule, the power of this boiler vill 

Cas follows :- 
h 
o 
M 



Multiply by tlie length . 
Divide by 5^ or . 



5-B)58-5(10-6 



330 



f rather more iWn \0^\ia'c&e ■^■sss 
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The evaporation in this boiler was ascertained to be veiy 
regularly from. 10 to 11 cubic feet of water per hour, yiith 
firom 13 to 16 lbs. of coalfor each cubic foot ; say 4^ to 5^ lbs. 
of water evaporated to each pound of coal consumed. It was 
attached to a high pressure or n on -condensing engine niv 
miaally of Ifl-horse power, but certainly when at the best not 
doing 80 much as lO-horse power, although worlung with a 
pressure in the boiler of above 30 lbs. per square inch. One 
cause of the great want of economy iu this engine arose from 
what used to be described, before the times of melallic pistons 
and railways, the "natural defects" of the high-presaure 
engine, namely bad " packing " and bad " exhaust," by ■which 
nearly double the quantity of steam was used that would have 
been required in a low-pressure engine to do the same wort, 
besides requiring very close attention, and what is called 
" hard firing," to get the proper speed out of the engine. 
This " hard firing," which for nou-professionuls may be tiuna- 
lated to mean " hard work at firing and stoking," again bu- . 
perinduced other evils, of which by far the greatest was the 
"priminff" of the cylinder mth water, and sometimes dirty 
water too, instead of steam, of which and the cause of it more 
in the sequel. 

As this work is meant to bo practically useful to the work- 
ing mechanic and engineer, we make no apology in giving the 
following direction and formula for finding the power of any 
boiler of this kind on the common carpenter's slide rule, in 
addition to the arithmetical operation already given. 

Set the divisor or gauge point o p, for tlie power ^ 8J 
upon A, against the length l = upon b ; then against the 
diameters of the boiler and flue, added together, rf ^ 6^ 
upon A, ia the horse power h p upon b ^ 10'2. 

n I ], =9 1 n.p. =10-3 

As there la no necessary calculation about a steam engine t 
cannot be done with a few aimipVe o'pe'reJ.Votffl oi ■Cae d&t^H 
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rule, every workman's attention ought to be urged to it for t 
many reasons, but mainly becauae it gives him ready facilities I 
in compariog the proportions of engines and boilers bydif-l 
ferent makers without waiting for long laborious calculations, 
only to be done after some of the main circumstances af- 
fecting the action of the engine are forgotten. For this pur- 
pose no intelligent engine driver or stoker ought to be 
without a slide rule, and for that purpose there is no absolute 
need of carrying a " two foot ; " one sufficient for all common 
purposes is only 4 inches long, with a reversed slide, and maj^ 
be carried in the waistcoat-pocket. It has both a direct and 
a reversed line on the slider, which gives it several advantages, 
besides that of going into one-half the compass ; and, 
shall make some use of it in this work, we shall repeat the* 
operation as an e.'iample. 

Reverse the slide, then set the diameter d of the boiler eui£V 
tlue upon A, against the length r., upon o, then against Mn^fl 
Hick's divisor or gauge point ii = 6^ upon a, is the hoiw 
power HP upon a. 

^L_ A [ H = 5 j I d =6^ 

^V I HP = iOj I I. =9 

^^E the same manner, without altering the slide, you have>] 
opposite the other three divisors their corresponding resulta^J 
the same as if set down in a table thus ; — 

The divisor 5 gives the result . 1I| horse power. 

Ditto 6J ditto . . lol ditto. 

Ditto 5f ditto . . lOa ditto. 
Bilto 6 ditto . . 8J ditto. 

Another advantage of the revei-sed slide is, that either tl 
divisor or the result may be taken on either line a or o 
differently, without the risk of any mistake. 

We shall now compare the dimensions of this boiler vU.Vs.^^^.J 
unit measure derived from tlie fitat eTferan.enVjii.'^Ki^wa. 
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W DJamalor of boilei squared, or S~ . ^ ^6 
I Deductareaof endofflue, or{liy . = 2^ 

[ Net area of toiler end . , . = SSf 

I This multiplied by -7854 . . '. = 17'86 sq. feet. 

I Again mulliplied by the length, 9, ' . = 160'74 cub. feet. 

[ Which, divided by 97 . \ \ = 5-95 cub. yarda. 

I The last two lines give the total' capacity of the boiler for 
water and steam nearly *ij cubic yards. This, equally divided 
between steam and water, gives 160 -f- 2 -^ 10 ^ 9 cubic 
feet of walflr per horae. But, as iu the first experitneutal 
boiler, it was fouad by several trials that a greater prepprtioiL 
of water was more economical, as tending to balance any votit 
of uniformity in feeding the fire, or in the action of the force 
punip which supplied the boiler with \vater, and on tb^t ^ 
count the quantity of water really worked with was abQOl 
4 cubic yards, or nearly 1 1 cubic feet, per horae power. 

Since the advent of locomotives and tubular boilers, maDj 
engineers will object to this quantity of water as unnecos- 
aarily large. The reaults stated, however, were from carefnl 
experimenta made purposely to see what quantity of wfttet 
was the best under contmon circum%lanc^3, as in this boilaiv 
which was not supplied with water by self-acting feed app«< 
ratus, and therefore not constantly uniform : had that been 
the case, and had the lire been also supplied in a similar 
manner with fuel, there is every reason to believe the quantify 
of water might have been greatly reduced with advantage. 

The water room being thus increased, the steam room wui 
of coulee diminished to about one-third of the capacity of ^a 
boiler; a space found to be quite small enough even when ^ 
engine had only half its load on. This evil was ia spm 
measure rcniedied by a i^ethod of workiug. which partiq^y 
^ llip occiiijjp^ jioillng over of "^rim^nn sj^'g " 



voter from the boiler into the cylinder, although accompanied 
with a considerable deduction from the power of the engine, 
by a process which is technically called " mire drawing the 
sltam," or, in olher words, "throttling" or partially closing 
iho passage for the steam through the main steam valve or 
nozzle in tiis steam indoctiou pipe leading from the boiler to 
the engine ; one of tlie effects being that in order to get the 
same work out of the engine the steam required to be worked 
a great deal higher in the boiler than in the cylinder. This 
wire-drawing process was at one time much lauded by some 
advocates of high-pressure eugines and steam- carriage pro- 
jectors as an important discovery; it is simply, liowever, only 
an expedient to enable an engine to be worked witli too small 
a boiler ; uid if not with an increased consninption of fuel, 
certainly with increased tear and wear aawell as danger ^• 
burs ling the boiler. 

The above remarks on wire-drawing steam are nearly 
the same words sa a similar statemeut in the iirst edition 
luy " Practical Essay;" — that statemeut, however, like many 
iilhers iu that work, to be properly understood, requires some 
rooditication and ei^planation which greater consideratiDu and 
more correct observation of results obtained by the application 
of the steam-engine indicator now enables me to give. It has 
been pretty well known to engineers for the last thirty years, 
that great economy of stenm and consequently of fuel was to 
be obtained by working steam expansively, that is, by causing 
the steam to be shut off some time before the piston reached 
the end of the stroke, the remainder of the stroke being ac- 
curaplished by the expansion of the steam already within the 
cylinder. It is, however, not ao well known — at least nolr so 
universally admitted — that all engines working with a crank 
and tlywheel, if working at a good speed and with a moderate 
load, have at all times woriied the steam expansively, and most 
necessarily do so, even without any lap ou the valves or atbsx 
arrangement for cutting off the ateaia. Ttisa Kuwa VxipSi-'ie* 
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i variable velocity of the piston, which at the begitmi 

I stroke is very slow ; but as the motion become 

. towards the middle of the stroke, the aperture fo 

I miesiou of the steam becomes too small to kee 

pressure, and the steam in consequence expands. 

tinued admission of the steam, however, as the piett 

' at the slow part of its motion again, and the crank e^ 

the centre, would cause a greater expenditure of Bt( 

out a corresponding advantage. Engines, thereft 

, usually been made n'ith a little lap on the steam ail 

I slide valve, in order to obviate tbie defect This is n 

'i plain by examining the indicator diagram of a 

j en^ne working with a moderate lap on the slide, 

I . action will be found to be very nearly the same as 1^ 

engine working with a considerable amount of a 

obtained by ft separate expansion valve. ' 

So much for economizing steam by working with a ( 

i engine ; but it will be well to look to the disadvanlBget 
occasioned with respect to the evaporative powW 
boilers, to say nothing of the danger ^ for it is quibi 
that the risk of bursting the boiler increases directly* 
\ pressure. Other things remaining the same, the l| 
', also weaker aa its diameter ia increased ; although ^ 
lai^e capacity of steam chamber need not necessarilyj 
I the diameter of the boiler ; for, as we shall soon U 
' casion to show, a separate cylindrical steara chambi 
every respect more ehgible. The main reason, howen 
the particular way of working the engine affecU the 
rative economy of the boiler is this : the more the st 
I throttled, the slower the water boils; and, other circDm 
being the same, it is quite evident that the less i 
j ebullition is carried on the less eteam is produced, « 
I more coal is wasted — an unanswerable ailment agah 
advocacy of great, ratlier than good boilers, which wt 
^^^jbavB farther occ^ioD to refer to. 
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Section 6, — Area of Heatikg Sdbface. 

The most important consideratjon tliat ofTects the calculatioib 
of the evaporating power of the boiler is the quantity of Afla(i»(f 
surface, or surface exposed to the hot air, and the proper 
method of measuring it. The usual method of eBtimating the 
n-hole area of surface exposed to the hot air as heating sur- 
face, has been a fruitful source of mistakes and misappre- 
hensions among steam engineers : because, as heat is with 
diiBcuhy made to pass downwards to any useful purpose, it ia 
plain that such portions of the surface only as are exposed to 
the upwaTtl action of the flame and hot air, ought to be con- 
sidered as effmive healing surface to its full extent. With 
regard to the upright or perfectly flat vertical portions of a 
boiler there may he a question, but it seems te be agreed to 
by all who have attended to this subject, that at any rate the 
ordinary side surface is not more than one-half as effective iu 
generating steam aa the under surface, and we have assumed 
thia to be the nttio in the following calculation, which is in- 
serted merely as an example of a method of computing the 
heating surface, which is found to he sufficiently correct for 
practice, when applied to the ordinary forms of boilers ia 
general use. In the boiler under consideration — 

Bq.a 

The area of the boiler bottom 9 x 3^ . . . = 31-5- 
The two sides together 1} x 18 = 27. take half . = 13-5' 
The two ends about 12 . . . ditto . = 6-0' 
The inside Sue IJ x 3-1410 x = i'i-i ; of this 1 

only the upper half can be considered as actual or > = SI'S 

effective heating surface ) — — 

79 •» 
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This sum divided by 9 gives 8 square yards as the total 

eifective beating surface of the boiler, which is considerably 

less than I square yard for eac^ \wtso -^o^et, \»Jr!«v^ "iosi 

^ufar to be lOi horse, according lo Mt.'&uiVC'a -nift. T^aa^y 
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part ftccoiints for its extravBgant consumption of nearly IS'' 
of coal per cubic foot of water evaporated, being 1 J lb. 
tban was required in our first experimental boiler, althou^ 
the coal was of the same quality iu both cases. 

We have, however, not yet taken into account the most 
important element, if not of the economy at least of the poutr 
of the boiler, and that is the size of the fire grate, \chich, being 
13^ square feet in area, gives more than i square foot for 
each horse power. Hence, by the area of effective heatina 
surface, the boiler is a little more than 8 horse, whilst accord' 
ing to the area of fire grate it is above 12 ; therefore, we ma; 
take the mean, say about 10-horse power, which gives about 
the same proportions as the data assumed from the firat 
experimental boiler. 

It may here be remarked that, had the situation in which it 

was placed admitted, this boiler, for a llj-horse engine, ought 

to have been made 13 or 14 feet long, and a little less than 

5 in diameter, and then it would have done as well without 

as with the flue-tube ; eicepting that the latter makes a good 

stay for the boHer ends. The space fixed on for the reception 

Lof the boiler, however, admitted of no extension in anj 

■Erection. Nothing is more difBcult to aiTange economicallj 

W^fliHn the packing of an efficient and durable boiler into too 

■■Kinited a space. The foregoing is an example of one belong- 

a email work {not a cotton factory) in the centre of tho 

|i3tf of Tilanchester ; and is, perhaps, the best arrangemcnl 

l^hat could be made with the means at command, and wbeis 

Llhe price of good coals is usually about fSg. per ton ; the large 

■-■con sumption of coal being the principal evil entailed by the 

I difficulties of the case. In some places, Loudon for instance, 

I Inhere coal is three times the above price, a different arrange- 

I ment is more advisable; and it may he interesting in a 

I practical point of view to know not only what ought to lia 

[done in a similar case under such altered circumstances, but 

K(a3 I happen to have an opportunity) also to show w^t 

Vtaally haa been dona by ono of tho ^vvwiv 
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mechaDioal engineers in tl)e metropolis duri 
year (185U). 

Section 7. — The London ok Smai-i. Cornish Boiler. 

Thia boiler ia described ia detail, and the various data 
connected with, it given for tbe purpose of adverting to here- 
after. It ia called the " London" boiler for distinction's sake 
only ; because the space in which it is placed ia so very 
nearly (except in height) of the same extent as that occupied 
by the Manchester boiler described in the last section, and'l 
becaiise I consider it very judiciously arranged for meeting' I 
the difGcultiea of a confined situation, such as frequently I 
occur in the densely-crowded localities of large c 
on that account also a useful practical lesson for boiler en* J 
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sliell of thi boiler is '\\ iett m ivMne^ssc wft&.^\'^s.«t 
, being a inches wider and 6 \wcVea Xa^^ 
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Manehoster boiler jnst referred to. It has a 'cylindrical fire- 
tube ilue ruuniiig through it of 3 feet 10 inches diameter; 
which, lilie all other Cornish boilers, contains the furnace and 
iire burs. These dimensions, according to Mr. Hick's rule, 
(p. 13), and the folio mng operation b; the slide rule, give 
A I g. p. 51 1 rf = 5'35 + a'8 = 8 
a I H.P. U I r. s= 9| 

the nominal power of the boiler as e^nal to fourteen horses, 
or ^rd more than the Manchester boiler, so &r aa the heating 
surface is concerned. 

The fire grate, consisting of 35 fire bars of ^th inch thick on 
the top lace, with ^thiuch draft spaces between each, is 4 feet 
long by 2 feet 9 inches wide, or 1 1 square feet iu area, and it 
is so arranged with a removable brick bridge that the whole 
or anj less urea of grate can be used that is found most 
economical, and is at present working with 3^ feet length of 
fire-bar, or 9 square feet in area. The greatest rate of com- 
bustion whcu the draft is full on is about 10 lbs. of the 
best Newcastle coal per square foot per hour ; the draft into 
tho chimney flue, which haa no connection with auy other 
fires, being at the lime equal to the pressure of a column of 
vrater of 046 inch high, and the actual velocity of the amoka 
np the shaft about 20 feet per secoud. 

Tho current of flame and hot air in this boiler first pafises 
from the fire through the flue lube to tho back end of the 
boiler, whence it returns under one side of the shell to the 
front, where it crosses into the other side flue, through which 
it proceeds to the chimney iu a continuous or wheel draft. 

In order to obtain the cubic capacity we have — 

Cir.fl. 

Diameter of boiler squared, or 5-35P . . . = 27-56 
Deduct area of end of tube, 3^1' . . . = 8 

Net area of boiler cud 19 5(1 

multiplied by "7851 = 15'i6 si^aMe ^eeV, Mii a 
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^f ti7 9| feet = 145'9 cubic feet for the capacity of the barrel 
of the boiler. But there ia also a steam dome or box from 
which the steam pipe proceeds, erected on the top of the 
boiler, the ostecaible purpose of which is to prevent priming. 

This steam dome is oval, in section 3 feet 6 inches by 3 feet 
2 inches and B feet lOj inches high, equal to about Hi cubic 
feet, and making the total capaoiLy of the boiler nearly 170 
cubic feet, which is only about 10 feet more than the Manchester 
boiler, and consequently, like that, it is fouud to he veiy 
liikble to prime. It appears also that allowing C inches depth 
of water over the top of the flue — which is the least that ever 
ought to be allowed for safety — tlie quantity of water worked 
with is equal to about half the net capacity of the barrel of 
tha boiler, or 73 cubic feet ; and calling the boiler 1 4 horse, 
it gives only 5-2 cubic feet per horse power, or only about 
half that required by the Manchester boiler, which is a r 
marksble difference. On the other hand, the steam-room 
lai'ger, being, including the dome, not less than 7 cubic feet: 
per horse powei 

If the heatmg surface of this boiler be calculated in tha 
aame way as before, in order the better to compare it with 
the Manchester boiler, and taking the inside tube flue first 
— we have 2-8 x 3'UIO x H = 83'55 square feet; but 
taking the upper tialf only as effective heating surface, as 
before, it is = 4r77. 

In measuring the side surface in all boilers set up in tliis 
way, there is a difficulty in fixing the proper luia where the 
bottom surface ends and the side surface begins, but, as the 
side flues are galfacred in about 6 inches above the central 
line of the boiler, it appears fair to consider the side to ofi- 
tend to the same distance below, as that would make 
equivalent to so much vertical euriiu;e. 

The sides, therefore, will be 1 foot deep by 2 x Sj long, 
half of which being effective ^ 9*S square feet. 

The bottom eurlace will of coMae twiivsa^ sS. ^ iIms ■««.'&■ 
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the shell exposed (o the heat, except that portion 
the central supporting nail ; or 
6'S5 X 3'l4ia -^ 2, - 1-75, X H = QX'TIS sqidl 
which, added to the tuhe and side surface, gifea {| 
effective heeiting surface = 113'9S8. Thia divided \M 
12*55 square yards. I 

In comparing this calculation with that of the M4| 
boiler (at page 1 7), we begin to see the reason of lH 
superiority of the London oue, not only in having (t 
proportion of heating surface, hut in having a greateC^* 
of the lower part of the shell effective, principally arisu 
the absence of the two supporting walls, which in. tiip 
case confine the bottom heating surface to a compH 
narrow strip, less, in fact, than ia obtained hy the t^ 
flue only of the London boiler. ^| 

The general results of the above comparison show 1| 
London boiler, which is so very little larger, and, fl 
accompanying brickwork, really goes into less space/,, 
per cent, more in area of effective healing surface, % 
more tJian half the quantity of water, than the MaJljl 
boiler. The economical i-esulls iu practice are 0^ 
found to be correspondingly great. The quantity oj 
evaporated in the London boiler being coosiderablj'j 
for each pound of coal consumed, — in fact nearly ddij 
equivalent to saving one-ha1f the coal in doing diJ{ 
quantity of work. Ic is true that a difference id UwI 
of the coal used in each case no doubt contributed tl 
in producing tho diilerent results, although iu both iM 
heat coals obtaiuable in their respective districts wert 
sarily used. There were also some h)structive pdj 
difference connected ^ith the furnace and draft, to be flf 
to hereafter. At present we shall only remark thati^ 
mating the heating surface, Mr. Hick's rule of 5^ sqifl 
of water surface or of horizontal section per horB6' 
wluch is quite Buitahle to the MB-nciieaVei \»i\\«n. 
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iiiit of using ft greater quantity of cheap coal on a largf 
grat6 vndeniealk tlie boiler, dues not appear so applicabli 
the London lioiler, witli its fire grate of more limited dimen- 
sions tvitkiiiside the boiler, and on that account necessarily 
requii'ing a better quality of fuel. This difference of oon- 
structiou, us respects the furnace req^uiring a better quality of 
coal than ia ohtainablo in Manchester, again creates the neces- 
sity of a larger area of heating siuface, in order that the smoke 
or other products of combustion may pass off into the chimney 
at the same moderate temperature in each case. On this 
accouat mainly, there can be little doubt that six square feet 
of section per horse power would be quite aa eligible for oue 
description of boiler as Jive aitd a half is for the other. Thus 
calculuted, the nominal power of the two boilers will stand 
thus: — 
Manchester . . ^-^I — ■■■■ '^ = lU'Shoi-sepowef, 
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London . . ■"" f ^^o > . o ^ ,j., j-„„ 

In recommending, several years ago, an intermediate nam' 
ber as a divisor that will he more generally applicable to all 
kinds of stationary boilers, — namely Jice and tkree-quarteri, 
or, what is preferable, perhaps, 5'73 square feet, which 
gives exactly oue sqoai'e yard of effective heating surface 
per nominal horse power, — I did not then anticipate so 
strong a corroboration of its propriety as the nbove two cases 
eihihit, I shall tlierefore have tlie less hesitation in using 
it in this work as the " unit of steam boiler power," — as welt 
as to urge its geueral adoption by Eoglish engineers. 
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Secxioh 8, — Wagon-3hai'ed Boiler. 



r 

^B In order to examine more accurately the proportiona tlut 

^F have been generally adopted ia practice, in coDuection with 

the common-low pressure condewsing engine, it vrill be best 

to take an instance of a plain w^on-sbaped boiler witbont 

any inaide flue (see Fig. 3), say 20 feet long, 6 feet wid«, 

and 6 feet 8 inches deep. This description of boiler has bean 

until recently in very general use throughout the manufactar- 

ing districts of Yorkshire and Lancashire, and with these 

dimensions it is called a 20-horse boiler, being well known to 

be fully equal to supplying steam for a 20-hor8e engine, will 

a very moderate coasumption of fuel. They are also com- 

_ monly made from Id to M feet long, with the same depA 

^m aod width, being considered as many horses' power as feel in 

^M length. 

H Fig. 9. 

r 
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In the furnace of thia 20-hora8 boiler tbe fire grate is 
5 feet long and 4 feet wide, containing a set of fire bars in a 
single length, each being about 3 inches thick on the upper 
face, and 6 inches deep in the middle, with draft spaces be- 
tween of /^ to I inch wide, according to tlie draft and the kind 
of coal used. The grate is uaually set with a fall of either 
3 or 6 inches towards the back, being commonly Hi inchea 
from the boiler bottom at the front and 24 inchea at the back 
of the grate. 

The boiler is always set up with a wheel-draft, that is, the 
current of flame and amoke, after passing under the boiler 
bottom, ia made to rise up at the back, whence, returning 
along one aide by a brick flue to tbe front, it crosses the front 
end, and then repasses along the other side again to the back 
where it goes into the main flue which conducts it to the 
chimney. 

The upper part of this boiler is a semi-cylinder, and con- 
tains 5' X 30 ^ 2 = 250 cylindrical feet, x -7854 = 
IBC'35 cubic feet. 

The lower part, if made with straight sides and flat bottom, 
woold be equal to 4-1B6 X 5 X 20 = 418-66 cubic feet; but 
the capacity of this part is reduced by about ^th, owing 
to the sides being made concave outwards, Q or 6 inches on 
each aide, for the purpose of obtaining greater strength for 
resisting internal pressure ; the bottom of the boiler being 
arched upwards 10 inches, or 2 inches to each foot in the 
width of the boiler, with a similar view, as well as with a 
view to equalize the action or effect of the heat radiated from 
the mass of burning fuel on the grate. 

Therefore 41660 - H^ = 347-23 cubic feet. 
6 

To this add the upper part = 19635 ditto. 

643-57 
Thifl divided by HI =2013 cubic yards, which is the | 
. atpaaty of the boilott^w 




SometllDg lees than half of this space is allosod for m 
snd the remainder for steaiu. Some deJuctious require t 
made for stay-bars, straps, and cutters, nUich ore always u^ 
for strengtheolDg this ki|id of boiler, leaviug about 1'^ cubic 
feet of water room fop each horse power. 

A rule for finding the depth of water in thia boijer w)ifil 
the steam and water cttmUers are of equal capadtj ia y 
follows :■ — 

Take half the difference of capacity between the loner and 
upper pavt, and divide it by the area of the v'ater surbce. 
then deduct the quotient from the depth of the lower part of 
the boiler, aud the remainder is the depth of water, taken per- 
pendicularly over the seating plate, at the bottom of ^e 
Iwiler, when tlie capacity for water ii equal to that for steaip, 
and which it ought never to exceed. 

In this case- 
Capacity of the lower part . . 347'iJS cubic feej. 

Ditto of the upper part . . im-^b ditlg. 

9)150'87 

Arenof water surface (5 X an =) . 100)75-13= hi 

Quotient .... 
Subtract from depth of lower pnrt 






And inches . . . 4'047ri 

Henoe 3 feet 5 inches nearly is the depth of the water. 

The brickwork of the side flues ia gathered in 3 inches 
below the surface, hence the depth of the side surface is about 
3'25 feet, or measuring by the curved suriace about 3'S feet, 
and the total area of botli sides = 35 x -10 = 140 aqusrt 
feet. The total area of the t\vo ends of the boiler below the 
tops of the flues is about SS square feet— less by the ar«rf 
^sur&ce covered by the brick avcVi <j\e'c t\i« foraace 
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(about 3 square feet), and b; the brickwork at the hack, ivhich 
divides the "uptake" from the side ilue (about H square 
feet}, leaviug about 23 square feet, which, added to the side 
surface, gives 163 square feet for the t«tal area of vertical 
surface ; lut, aa we have already Been, only oue-half of this 
call he considered as efToctive heating surface — it ia ouly 
equal to 81^ square feet, or little more'thau 9 square yards. 

The area of the boiler bottom, measured by the curved 
surface, amounts to 84 square feet, or about 1 0^ square yards, 
which is all effective; hence the total effective heating surface 
of the boiler is about 19^, or say nearly tu-enty, square yards, 

SeCTIOK 0. — DlSAUVANTAOEB AHD DlBUSG 01' THE WaOOK' 
DotLBU. 

The kind of bqiler just de3cribe4 has been in auch general 
US6 for so mapy years, and in consequence become eo 
well known, that this collection of undisputed data in refer; 
ence to it will be useful to refer to, as a ataudard f o guide us in 
tho estimation of the probable effects to be produced by the 
ijitroduclion of new forms. Up to the year 1 830, when the in- 
vention of the railway locomotive created such a revolution 
in steam engineering, the wagon boiler was all but universal 
in the cotton manufactories of Lancashire, as well as being 
very general -throughout the whole of the manufacturing 
districts of England and Scotland. In the year 1840 I had 
occasion to ascertain that about fths of all the boilei's 
at work in the iramediate neighbourhood of Manchester were 
of the wagon shape. The additional increase of new boilers 
introduced into cotton factories during that interval, in order 
to meet the tendency to work at higher pressure, being 
generally either of the fined cylindrical kind already described, 
or of the kind called the Butteviy boiler, or fish-moutlied 
boiler, a modification of the Cornish boiler, escellently adapted 
to the inferior coal and necessarily large fira ^a3*Sb u^ \«».- 
caahire. In the paper-milking, ^A6aoW(v^, wA ■^■twicsQ.'t,-ws^*» 
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the iutroductioii of tlie plain, cylindrical or barrel \ 
great laiigth more generally prevailed ; while 
same period the old-fashioned " kettle holier," 
boiler of Smeaton, then so commonly used in tl 
throughout Lancashire and Yorkshire, as it is to thai 
day iu Staffordshire, was eIowIv heing replaced by ( 
ended cylinder hoiJer, which had heen many years pS 
generally used in the collieries of NorthumherlSi 
Durham. I 

Since the year 1840, however, the old wagoid 
boiler is very fast disappearing from the manufactad| 
tricta, no new ones being now made ; and aa the aven 
of B. wagon boiler when worn out may, I believe, be m 
be about 20 years, it follows that at the present timi 
there cannot be so many left in a good enough state o^ 
to act as criterioos of comparison. Consequently, * 
science of boiler engineering is in this transition statn 
be worth while going more particularly into some dv 
our subject in this place, with a view to show the imp 
of obtaining a good proportion between the various dlnd 
of the boiler and the horee power of the engi|| 
intended to be applied to, by pointing out the partici| 
eEFects that have generally arisen when some of thl^ 
proportions have been materially departed from. \ 

The dimensions just given of a SO-horse wegoflj 
have been frequently departed from in respect of dM 
from 6 to 8 feet, without making any great differencrfl 
evaporating power, so long as the bottom surface and^ 
fire grate remained the same, Its evaporative econom 
ever, was slightly increased by increasing the depthi 
side surface and narrowing the flues. ( 

This boiler has also sometimes been made with dif 
instead of beiog concave outwards; but the alteration- 
appeared to me to be detrimental, owing to the hot air 
sida Bues not acting so effectually in a lateral direct 
I fcStfg Jt 13 flIJoffed to impinge lyjuiavd*, i4&w^^^\ 
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agujnst which it acts maj he ever so little iiicliaed towards 
the fire. Besides, tlie flat sides iucreosed the capacity of tho 
water uhiitnber, thus cRiising a ivasto of fuel in the first get- 
ting up of the steam, ou account of the greater quantity of water 
required to he lieated. The celebrated Mr. Murray, of Leeds, 
was accustomed to make his ivagoa boilers flat sided, and of 
less depth than Boulton and Watt, and gave as a reason that 
he merely cocbideied the side flues as an air casing to the 
boiler to prevejit tho dis-jipation of heat by couduction ; llius 
pluciiig very little \a!ue on hot air as a steam generating 
agent. Yet Murray, it is well known, was eminently succesa- 
ial ill his practice as a steam engineer, and one of the most 
formidable rivals of Watt; but it must be remarked tliat, like 
one of his disciples, Mr. Hick, ho took the precaution of giving 
a 80 much larger proportion of bottom surface. ^_ 



I gEOTioM 10. — Os Small Fobsaces and Excessive FxmKO. 

f ^ Thei-e are many circumstances which occur to alter both the 
power and economy of a boiler in the setting of it up or in the 
construction of the brickwork. Por inslance, the seating walla 
oQ which the boiler rests are sometimes made 9 inches thick 
instead of 4 or 5 ; thus reducing by so much the area of the 
bottom surface. At the same time, the fire grate is perhaps 
reduced G inches on each side; thereby, instead of one square 
foot per horse power, making it only about three-quarters of a 
square fool per horse ; and, although this is supposed to be 
ihe proportion of fire grute allowed by Bonlton and Watt, and 
quite sufficient, as it is, for Newcastle coal, it is notoriously 
iusufScient for the common description of coal used in the 
factories of Yorkshire and Lancashire when the engines are 
fully loaded ; unless, indeed, thin tire bars and a fire-feed- 
ing machine, or an extraordinary draft, are used. 

It is certainly true that a, boiler so constructed and set up 
with Boulton and Watt's progoitlota, inVOi. ■msit.e. ^aSiiaKi^ 
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steam to work a good SO-liorse engine with moderala I 
of fuel ; but it ia always found thai should the engind 
to be temporarily out of order, or overloaded ft 
BO as to require one-half as iniic!i more steam t 
a boiler then requires what is technically known i 
flriog," the evils of which are manifold,— to( 
fact, to describe in any one place in this hook ; onl 
principal objects of this work being to abate those I 
pointing out the means of removing the cause. Onl 
first results of two or three weeks' " hard firing" is 1 
boiler becomes " burnt out" in that part of the bottert 
is immediately over the back part of the fire grate, j 
this result is always produced sooner or later when ni 
too little for its work, and is no more thaa oo^ 
expected when we endeavour to get steam with a al 
urged to act with great intensity, rather than with^ 
one at a lower temperature. I 

In order clearly to elucidate the causes concemefB 
managing the setting up of boilers, as well as til|| 
management afterwards, we may remark that whenf 
bottom is "burnt out," as it is called, by hard fiili 
seldom or never, perhaps, that a hole is burned thrd 
boUer bottom at one spell ; or, if so, an explosion M 
the almost certain consequence. Tlie meaning of tlM 
" burnt out" is that the " nature of the iron is burnt I 
in other words, we find certain portions of the boilei^ 
gainst which the flame impinges with undue intensil 
converted from good tough malleable iron into a stalj 
short, brittle, and weak. The thing generally c(» 
and goes on in this way ; — when, from whatever em 
engine keeper linds his engine short of steam, d 
man's well-understood business is, t« push the &Fe^j 
harder, which can only be done by more frequent fiitBj 
however, soon has its e:(treme limit in the greateai 1 
erepomting power of the boUet, ot V\mA -50^0* at K 



production of stenm would bo just aa much retarded by any 
increase in the number of times the fire-door is opened and 
cold air admitted, as it would be promoted by the more 
frequent supply of fuel. The only resource then 13, larger 
charges of fuel at a time, constituting what is called heavy 
Bring, flud its attendant evil -of frequent stoking. Whan a 
fire is thus urged to its greatest intensity for a few days, 
serious injury soon begins to manifest itself by what is called 
"a coming rfoini of the boilrr bottom;" that is, the arched 
bottom gradually assumes a flat or depressed form about a 
foot in fi-ont of the bridge, and extending from side to side 
across the furnace, thus forming a kind of ridge projecting 
downwards to the fire; which, at the same time, drags down 
into an inclined position the adjoining portions of tho boiler 
bottom on each side of it. Now it is in tho narrow strip of 
iron, usually not more than an inch or two in breadth, forming 
the bottom of this ridge or protuberance, where we find the 
iron permanently injured in the way described. Frequently 
the injury will not extend beyond a single plate, especially if 
the plate be a little thinner than the adjoining ones. In that 
case a segmental or hemispherical protuberance or dish is 
formed, which, as the men term it, comes rapidly " to a head," 
from the circumstance of its tendency to collect any deposit 
that may be in the boiler. Indeed, the fact of these dish-like 
receptacles being commonly found with dirt or other matters 
in them, appears to have led most engineers quite astray as 
to the first cause of their production, ascribing their first 
formatioQ to the accidental presence of such matters, instead 
of looking 00 them aa ihe effects produced, or at most second- 
ary causes only. 

The true theory of the matter has always appeared to me 
to be very plainly pointed out by the fact, which may be safely 
flfiSWraed, that whenever a plate is thus overheated, the 
generation of steam has been so rapid over that particular 
place as in a great measure t« driie V^ie wWftt k«w^ \\ti"ai. '4oe. 
C tbe plate ; or at least SMtU a. i-e^fte «S. Ts^ii^ 
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particles of tbe vatet is effected as to prevent that ii 
>te and iatimate contact which is necessary to keep the ii 
cool as the water over it. Now the natural aequenco U 
Elate of things is easily inferred ; not that the iroa vilL 
get red hot, perliaps, which is in fact not rer^uired to prodnoe 
the phenomenon in question, but e^comi nations of the iron in 
those cases generally show that a b/ue heat has been produced, 
a temperature something exceeding what is called the maxi- 
mum evaporating point, and considerably exceeding the tem- 
perature of tbo iron necessai'y to effect the repulsion of the 
water wo are speaking of, which has bceu stated by M. 
Boutigny, of Evreux in France, who has taken great psiiu to 
investigate the subject, to be as low as at 350° of Fahrenhaiti 
while tho water in the hoiler may be only 250", or less. This. 
ipnlaion may continue for a few seconds only, while the 
iftened plate is exposed to the pressure of the steam forcing 
n the way described; at the same time, from the 
agitation and boiling of the water, the heated part ia con- 
Btantly exposed to the washing of the water over it ; thereby 
alternately heating and cooling the part which we eventually 
find "burnt out." 



ICTION 11. — Genebal Mr?MANAGEMENT OF Boilers j 
Traoe of Boilee Making. 



It most frequently happens, when a boiler bottom ia 
burnt out in the manner above stated, that tlie proprietor, 
instead of causing an investigation into the circumstances of 
the whole case, including his own orders perhaps to overload 
the engine or to use an inferior kind of coal, iuiiiiediately 
sends for the boiler maker, or rather boiler mender, when, 
after some talk about bod iron, bad or dirty water, and being 
lort of water, the injured plates are cut out and replaced 
ith new ones. The bricklayer replaces his bricks and 
■re dgelyttB befo re, when, as the same causes contii 
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of course a similar rupture taltes plBce before anolher mouth 
73 over ; again the same tinkering process is resorted to, and 
after a few rounds of tliia kind, when the expense of repairs 
has amounted to nearly as much aa might have purchased a 
new boiler, to say nothing of the trouble and confusion aa 
well na the interruption of work necessarily attending such 
jobs in a regular factory, the wearied proprietor at last 
Bends for another boiler maker, the old boiler is then con- 
demned and ft new one ordered in its place. All this takes 
place simply for want of removing a few unnecessary bricks 
from the sides of the fire-place, and takiug care not to put too 
many coals on the fire at a time. 

Frequently a 30 and somotimea a 40-horse boiler is ordered 
to replace one of QO-horse power. But whcji the new boiler 
is to be set up, it commonly happens that the same want of 
knowledge is evinced by both boiler maker and bricklayer as 
in the case of the first. Occasionally I hare known the very 
same fire grate used to tho new boiler that caused all the 
trouble at the old one. Nay, I have known instances where 
a imaUer grate has been recommended by first-rate engineers 
lo a larger boiler, on tho ground that the increased quantity 
of heating surface would render a less quantity of fuel neces- 
eaiy. and therefore a smaller grate ;— which appears feasible, 
but is only partly true on the supposition that the grate had 
been previously so large as to make it difficult to keep it 
covered with any smaller quantity of fuel, which is contrary 
to iha case supposed. 

There is one thing which cannot be too strongly impressed 
upon tho miuds of engineers who are called on to give 
opinions in difficult cases of this kiud. It is that the evapo- 
rative power of a boiler ought not to be confounded with its 
evaporative economy; the former corresponding to the quan- 
tily of steam it is capable of producing without injury from 
over-firing, irrespective of its economy, and is entirely dope"'*' ~ 
ent on the area of the fire grate ; which, other thinf^ i 



34 RTTiJrJiijfrfABf ffifiATraE 

toFtining the same, limits the utmost evEiporEttive pom 
boiler. 

When a large boiler is set up in place of a small 
saving produced by the greater extent of heatii^ aun 
factories, often counterbalanced by the extra cotM 
reqaired in getting up the steam every morning, on S^ 
the larger quantity of water it coutaius. Generally id 
if there is a sufficient supply of steam while the b(M 
work, all parties are satisfied ; and although the cohN 
of fuel may be larger than it ought to he, it is seldtA 
out immediately, or if so, it ia easily laid to the accoiaS 
newnesa of the brickwork, and before correct opinio^ 
formed of it, many other changes are liable to occttf 
the blame from the unnecessarily lai^e boiler; of H 
that have occurred ivithin our knowledge we may enlH] 
few ; namely, the fireman may have been changed— ^ 
haa been obtained from a different quarter — some d 
has again been made in the engiae, or in its load-^ 
for the machinery driven by the engine is diffeii 
weathor may be colder and require more steam to | 
factory, or it may be wetter, and the atmospheric | 
low, consequently the draught of tbe chimney will | 
than usual, nay, the weather may be too warm whcd 
ia a scarcity of condenaiog water, and consequently thti 
of the engine will be impaired ; and in short, where S 
BO many circumstances liable to daily variation, ■ 
happens that tbe exact state of the case is asoertaindffl 
those immediately interested, \ 

It may, and indeed is, very frequently said that it V 
advisable to have plenty of boiler room at the commeSJ 
even if the consumption of fuel sliould be increassl 
per cent. ; which is certainly not much in a small cait0 
SO to 40-horse power, when set against the conveifl 
having it in your power at any time of adding 8 or 1 
power to jour engine, by putting in a larger cylinflil 
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if we consider the setting out of new establiahments upoii the 
immenBe scale of many recently set to work in the cotton 
spinning district, where the expense of fuel frequently nmounta 
to two or three thousand pounds per aimuia, b. saving of only 
6 per cent, is not a trifle to be overlooked ; to say nothing 
of the absurdity of laying out large capilAls upon mere guess- 
work prinoiples, or at lea^t in such a manner as to make 
extensive alterationa in the boilers and engines a matter of 
almost certwn expectation before the concern is fairly at work. 
Ho far at least as the size and number of the boilers are con- 
cerned, it is ft notorious fact that a great majority of the 
newly-erected cotton works in Lancashire have had to un- 
dergo sitcli alterations. 

When the capitalist or manufacturer is about to erect neW 
works whose moving power is steam, unless he ba a man of 
suHiciently comprehensive mind to have a general practical 
hnowledge of the various trades of builder and bricklayer, 
engine and boiler maker, millwright and machine maker, as 
well as that of whatever business his factory is designed for, 
let him be his own architect and engineer, and it will be in 
vain for hira to expect anything like a scientific esecution of 
Ilia plans, although his general design may be ever so judi- 
ciously arranged. 

The two trades of engine and boiler maker are usually com- 
bined in the same party, but in Laucaahirc it is far from 
being general, except in those establishments that are very 
ytenBiTe : boiler making being now considered nearly aa 
Miate trade, which circumstance, perhaps, as much m 
J other, was the cause of the present investigation of the 




e custom which baa a great tendency to retard 
in this branch of business, and that is the pre- 
contracting for the making of boilers by weight 
instead of bo much per horse power, as is tho practice of the 
engine maker. This custom is general, and ia 8. Awtct W- 
ducemant Air unprincipled makeiato co"[Q'^\e-^rCCn.«a^vf^» 
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Vnntil there is not enough profit left to repaj evea sa |^| 
skill as is required to make tlie most ordiDary rough ^w 



I 



required to make tlie most ordioary rough i 
on paper of the article waoted. 

When a roanufacturer wishes to give an order for ft new 
boiler, he commonly first ascertains the price of iron per cwt.. 
and also the rate of wages per cnt, for making, aiid he has 
then only to find out some master boiler maker who will 
sduiit of being squeezed down to the minimum of profit, and 
he may then expect the natural consequences of competition; 
namely, a much larger boiler than is necessary, besides being 
a great deal heavier than it ought to be even for that large 
A heavy boiler has aiso other faults that are more 
Mfious, arising from the difficulty of riveting by mere 
nanaBl labour very thick plates of iron, so as to be perfectly 
water-tight, without the use of various cements to prevent 
leakage, such as red lead and iron borings. There is also a 
very reprehensible practice of making use of a wash for the 
purpose of i-mling the iron in the imperfectly filled rivet- 
holes and unclosed joints of the plates. By using a solution 
.of sal-ammoniac for this purpose, a coating of oxide or rust is 
given to the inside of a boiler, in a few days, sufficient to pre- 
Tent leakages until the boiler has been a short time at work, 
when a little dirt or incrustntion comes to assist the rust in 
forming a more permanent covering. This, when once formed, 
fcecomes a regular lining or shield of non-conducting sub- 
Stance between the heating surface of the boiler and the 
water which is to be heated. Thus it is that the nnsuBpect- 
ing manufacturer comes to be furnished with what he con- 
siders at the time to be a cheaji bniler. 




Skotion 12. — Os Enlaroino the Fckkace and LengtheK* 

INS THE BoiLBB. 

When a nngon boiler is found to have insufficient power, it " 
ffequeiitly admils of & very effectual remedy by lengthening 
the fire bars: and when the seating walls are unnecessarily 
thick, by widening the furnace throughout, A gi-eat portion 
of the brickwork on each side may be removed by support- 
ing the boiler on sis or eight cast-iron blocks or short 
columns, and with merely a brick in breadlh wall to divide 
the flame bed and furnace from the side flue. 

When this plan ia done carefully, it is always followed by a 
great increase in the evaporating power of the boiler, without 
requiring any great addition to the an 
Fi!j. 4. 



of tho fire grate. 




In effecting this alteration caie must be taken that the 
enlargement of (he fire grate does not injure tbe draft other- 
wise a contrary effect to that expe tei 1 
produced partieuiarlj where the ihimney la small and i 
surplus draft at command 

y a small amoant Mioa tA \^R5 




the grato bars, in order that the total area of dtal 
may not be increasBd in bo great a proportion as th( 
the grate itself. The easiest way of effecting this 10 
or plane off one side of the heads of each of ahoal 
dozen bars at the sides of the grate, leaving the lar^ 
spaces towards the centre of the fire; and if there 
lengths of bars, confine the operation to the first lei 
which means the combustion will be tnore rapid whei 
wise the coals are apt to accnmukt*. 

It has been already remarked that the evaporatin) 
of a boilei' is always found to be, other things remaiH 
same, in proportion to the area of th» fire grate ; onM 
may be added, the evaporative economy of a boiler in 
much increased by any increase of heating suriaoe^l 
diately over or very near the fire, the area of the fir« 
itself remaining the same, or in. some cases even dimisjl 

There is another fact connected with this part of the | 
which must have struck any one who has been at airi 
derable pains in making observations, which is, that ul 
ing surface very near to, or over, the firs grate issomtM 
effective than those portions of the boiler which are I 
the occasional reach of the flame, as scarcely to admit i 
compariaon. Certain it ia, that 3 or 3 square feeti 
ditional surface over the hottest part of the fire gratm 
a considerable improvement in the power as well aai 
economy of a boiler, while as many square yards of I 
added to the contrary end has scarcely any perceptiMJ 
at all, provided that the proportions of the toiler is 
respects remain, the same. It has been found thai 
boilers of 20 feet long have been lengthened by 10 fft 
addition has made scarcely any difference in the evapo 
power, while the fire grate remained the same, aiid thi 
ing of fuel, if any, has only beeli very trifling, 
however, to be slated, that those instances v 
the generally open burning coal of Lancashire, an3 1 

t.tl^flL VlO 'Mk 
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may be donbted whether the same results would bo ohlnined 
where a more bituminous coal, together with the barbarous 
practice of stokingi are used. In one particular instance I 
recently met with in that county, a large boiler, conatructei 
on the Cornish principle, of 30 feet in length, was nrnJe 18 
feet longer with very little or no improvement in either power 
or economy. Agnin, 1 have seen a boiler cut down from 104 
feet in length to fifty, without any sensible diminution in its 
evnporating power. In this case, both before and after the 
alteration, the temperature of the air and smoJie escaping 
into the flue of the chimney waa bo considerable aa to cause 
wnter to boil in an open vessel very readily. 

Those who are not aware of the great extension of steal 
power in Laucaahire during the last 20 years, may ba 
prised at the existence of steam boilers of sucli a large size 
DM the one just raeulionod ; I may therefore stale that the 
instance above mentioned occurred at the extensive paper 
works of Messrs. Crompton, of Ringley Brtdgt 
Chester; and that several boilers of 60 and 70 feet long 
be met with in the same neighbourhood. There are 
few inatancea of Tery large boilers in factories ; one boiler 
in particular, worked some years in a cotton mill in Manchea- 
ter, which may be mentioned aa probably the lai^est boiler 
in the world : it was a cylinder of 8 feet in diameter and 99' 
feet long, with a flue tube running through its whole 
and if it could have been properly fired, would have bf 
about 200-horse power. 
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CHAPTER III. 



Section 13. — Pbopbiety of AropriNO a Squabs i 
OF SuBFACE FOR EACH Boiler HoitsE PoweJ 
From what haa been already elated there cannot be 
that an effective beattug surface of nine square 
together with one square foot of surface of fire grate, isj 
case quite sufficient for each horse power. 

It appears also from the two practical examplea gi» 
5-71, that whilst one square foot of fire grate per hor 
was barely sufficient under difficult circumstances, 
the inferior coal of Lancashire, 

under similar circumstances iu London by just so nni 

the Newcastle coal used in the latter ease was superiopjj 

former. Yet in both cases the proportion of one Bqutii| 

of heating surface per horse power appears equally eW 

giving as it does n proportionately greater extent of M 

surface per unit of fire grate, as the hcat-produdng pqJ 

the coal used in one case exceeds that in the otber. J 

Where it is expedient to fix on a convenient round in 

for a nominal measure of efTects expected to be prodw 

similar causes acting over ceitain areas of surfaoe, as ti|j| 

and flame do against the bottom and sides of a boiloiu 

not easy to conceive more reasons all pointing one wsjrt 

iu this case point to a square yard as the natural vm 

measure of a steam-boiler horse power. / 

Although this unit measure accidentally occurred tM 

the commencement of our steam-boiler experiments U 

way previously described, we happen to know that it bun 

generrtllj approved by others ; and as no one else hwij 

I posed any other, that we have heard of, we have the less | 

1 tation iu dnaUy adopting it in this work, 

^^STta coavenieace to practical men ot B^^tiju'i 

Ifa 
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bers as unit measures, when they come pretty near the ac- 
tual values, in all results that only admit of being estimated, 
is so great, that some, perhaps, may be induced to suspect 
that we have strained the facts a little on purpose to make 
them fit the rule. If so, it is only necessary to mention that 
the rule has been published for more tbau a dozen yeara 
piist, whilst the remarkable coincidence of the two examples 
referred to in corroboration of its beiug at least near the 
truth, is only of very recent occurrence ; one of the boilera 
having been made within the last few months. Desidos, it 
may be sufficient to state that general rules and proportions, 
closely approaching the above, have been notoriously in use 
a great number of years, and the facts corresponding with 
them are easily proved. 

Although any simple methodical system of stating the com- 
bined results of calculation and observation is highly to bo 
valued, as being conducive to the ready apprehension and 
easy application of most useful knowledge, we ought not fo 
be such sticklers for mere metbodism as to lisk the smallest 
deviation from truth, when the latter admits of correct ascer- 
tainment In physical problems, however, especially of the 
nature of those now treated on, there is an absurd refinement 
of figures and fractions too frequently to be found in the re- 
ports of some of our railway and other engineers. This is 
especially the case in recording series of observations, for die 
purpose of obtaining averages, or striking a mean in the ordi- 
nary way, which may be easily tested by any one, when the 
useless exactness of minute fractions, while there are errors 
in the integers, becomes immediately evident. This ultra 
exactness increased greatly with the iiiilway mania, and can 
be useful in nothing, saving perhaps " cooking accounts," for 
it practically produces more error than the actual errors of 
observation themselves are generally capable of doing. 

For the above as well as other reasons which could be ad- 
duced, engineers generally are respeclfuUj ui-^eA. to swaK.'wixi. 
niher tbia or some other measmCi My'OiKq josiiAft w^ ^ 
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▼enieut, as the unit of steam boiUr hone power. Like the 
steam engine horse power, it is not st all necessary that it 
should be an absolute exact avemge of the power of a living 
borse, but as near an approach thereto as to enable any one 
I not conyersant with the details of the subject to have a readj 
I ftppreheoaion of its meaning as an cstimiile of power, and at 
the same time n tolerably correct idea of the force capable of 
being produced bj the boiler indicated by it. For this pur- 
pose it is also expedient that, whatever difference there is 
between the calculated hoiler horse poieer, and the real kont 
power, the error should be in excess on the side of the boiler, 
aa is the case with Watt's steam-engine horse power., which JB. 
88 every one knows, much more than the strongest horse can 
do for any considerable length of time. 

This standard of Watt's for the steam-engine horse power 
has been vainly endeavoured to be altered ; but tho compara- 
tive incongruity of all other measures that have been pro- 
posed have been at once seen and repudiated. 

SeOTIOK 14. — pROPOBTIONINIj THB FiRE GrATE TO THS 

Heahkq Suhface and the Quality of thb Ooai^ 

As has already been observed (sec. 12), when a boilei doA 
not produce a sufficiency of steam we have in maity cSsea 
only to cut away the side wall f th f m e, and thus, bj 
increasing the width of the fi grat n derably augmSnt 
the power of the boiler. Th pi nd nexpensive plan 

of enlarging the furaaoe and ti grat h s been carrietl 
out in very many instances t th t t f increasing the 
evaporating power of a boiler to nearly double that whicll 
the quantity of heating surface would otherwise warrant, axA 
without any very material increase in the ratio of the fuel con- 
sumed to the water evaporated. 

There are also abuudant opportunities of proving that, 
with the ordinary ongine coal of Lancashire, it is difficult td 
. keep steam with less than a square Iwil, oni sjiSSi ■&e,'«< 
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3or1 three-quRrters of a square foot, of fire grSte per horse 
power, whatever amount of heating ewrface there may he ; 
which, taken at one square yard per horse power, gives a& I 
in the fbrmer cose the proportiou of nine, and in the latter 
that of bfelve square feet of effective heating surface to each 
foot of fire grate. 

It is not meant to be denied that a greater proportion of ' 
heating surface to tire grate than either 9 or 19 to 1, which 
we have assumed, would he more economical in theory, but it 
would be so in theory only, and not in practice. Indeed, if we 
follow theory only, it may be doubted whether a ratio of 
100 to 1 may not be nearer the correct proportion, for it 
ie evident that the hot air or smoke ought not to pass into 
the chimney until it is deprived of its power of generating 
anymore steam; or, in the language of the chemist, "'until i 
it has imparted the whole of its superabundant caloric to the I 
water," always eitcepting so much as is required to cause ((] 
good draft in the chimney. 

In accordance with correct scientific theory, the hot ait I 
ought to he kept m contact with the boilers until reduced' I 
to 212°, or to such a temperature as con-esponds with I 
eteam of tho required pressure, which for a low-pressurs 1 
engine would seldom be much above 390°, This may a 
to some to be a good point of theoretical perifection to b^ I 
aimed at, hut it is a very fallacious one ; and the greatest I 
possible absurdities have been frequently committed by at- 
tempting it in practice. There is nothing to he obtained by 
ony extension of the heating surface beyond certain limits, 
which fall very far indeed short of the point mentioned. In 
fact. I have met with very few instances of mccessful practice j 
ivhei-e the temperature of the gases leaving the boiler hot 1 
been less than 400° to 500°, whilst I have found many cased ■ 
of vei7 great economy, both with the Lancashire and the N 
castle coal, where the temperature of the smoke (and bl 
smuko too) passing' into the chimnej \lB.a^leCT^ w^iAXftw 
^^had, or above 600°. 
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Now, whcu I Bay tbat nothing is b) be gained ty 
teQBion of the boiler surface beyond the limila in^ 
mean, tbat the enving would be leas thau the simpletj 
of 5 per cent, per annum upon tbe cost of the exttM 
plate, and other contingent expenses required for at 
ditiocal extension of heating surface. The small «fl 
fuel is admitted, but in practice it costs more than it i%\ 
and herein engineers may see &u example of many 
which theory not founded upon experiment and obMB 
is at variance with practice ; the scientific theorist 1 
admit the truth of anything which there is not a gooA 
for, while the practical man, quite as dogmatically, M 
better reasons for being so, refuses to adopt any plflH 
has not been found to answer, whether there is a rei 
it or not. i 

It is evident that there will be a different ratio of ^ 
surface to fire grate, suitable to the different qualilieB 
but we are now speaking of the average quality 
cool used iu the manufacturing districts. With that,; 
fire managed ia tho ordinary way, the result of my,' 
enee is, that 9 square feet of effective heating surfece 
square foot of (ire grate is sufBcient to enable us tq 
such an arrangement of tbe forms of all the simplerM 
boilers as iu all cases to reach the full limita of real:9J 
economy. M 

The best engine coal about Manchester ia genemlm 
it comes from the pic, containing all the small and a 
coal, dirt, &o„ which is usually left in the mine vbem 
fire coal only is wanted. The worst coal is commonM 
" Bui^ey," and is of various qualities ; it generally ccM 
the tops and bottoms of the seams, together with othea 
coal that is left after tbe house-fire coal is mined. 3 
uot require a larger fire grate than the best, but it n 
to requh'e a much better draft. It is not so good as ^ 
iii/rA ia riddled from liouse-fice coal, especially w9 
I loiter is put on by the firing mBLcb.\Tifl. ■ 
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The best Newcastle coal supplied to the LontloB niftrket for 
engine purposes appears to me to be the different Hartley's ; 
^¥llich I find requires about three-quarters of a square foot of 
grate for each horae power at the same time ; a square yard of 
effective heating surface per horse (or in the proportion of 13 
to 1) seems also capable of absorbing the heat produced suffi- 
ciently to reduce the temperature of the gases, leaving the 
boiler to the same degree that was found most economical in 
Lancashire, namely, below iJie melting point of lead. It is 
lighter and bums well ivith loss draft than the best Lan- 
cashire coal. 

For Welsh coal and some others the fire grate will bear a, 
smaller ratio to the heating surface ; and for coke the least 
of all. 

Whatever may be the amount of heating surface in a 
steam boiler, the quantity of steam to be obtained from it 
will of course depend entirely on the area of the fire grate 
being proportioned to the quantity and quality of the coal 
which has to be consumed upon it. Consequently, if we find 
a boiler manifestly too small for producing the quantity of 
steam that may be required, the object is at once accomplished 
by enlarging the fire grate in the way already pointed out, 
whon any quantity of steam may be obtained that the draft 
of the chimney will admit of, although with a less degree of 
economy in fuel ; therefore such alterations are only to he 
recommended in urgent and exceptional cases. 

In practising this method of increasing the evaporating 
power of boilers, I always found that the maximum effect was 
produced when the area of the fire grate was increased in a 
somewhat greater ratio than the effective heating surface was 
liiminished : that is, if a certain effect is to he produced, say, 
for example, an evaporating power equal to the supply of a 
iO-horse engine, which we have seen requires 20 square yards 
(if surface, but if from mal- construction of the boiler or other 
circumstances we have only 18 yarda, \lie\i. "iiB V(i."ro%R». V« 
^ LdncasbJTB coal will leqmre lo Vwe «. tw ^j^\ft^ 
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rather more tbau 23 square feet in Qrea; or should liie 
heating Burfuce be only iS yards, tlien the fire gcate will b« 
required to be more than Hi, in tact about 25 square feet. 

It is not that any Biich great nicety is always required U 
is set forth m the above proportions. For in effecting altflra.- 
tiona for increasing Uie power of die boiler that is short of 
steam, the best way is to get all the increase we cau, and if 
EQuub, trusting to the damper as the most profitable meaais 
I pf dimiuiahing it. But after an alteiiition is effected, it is 
sometimes of use to know at what rate we ought to work the 

ler at, in order to produce the greatest economy it J* 
capable of under the circumstances. This is more especially 
of use when a number of boilers of different powers are work- 

[ iQ conjunction, in order to avoid working too liard, and 
thereby, as it commonly happens to the moat willing horae hi 
§ team, aver-firing and ii^uring perhaps the best boiler af 
the set. 

For this purpose I have been in the habit of using the 
following empirical rule, which is derived from the observa- 
tion already made, that in the case of a 1 6-horae boiler having 
a 25-hor3e five grate, it is always safer as well as more epo- 
nomic^l to work it rather below than above the anthmetietd 
mean between those two numbers (30 j) ; thei'eforo tha gto- 
taeliical mean (20) was adopted. An additional reason for 
sdoptiug the geometrical rather than the arithmetical mean, 
may also find favour with some who, like myself, may liavs tie 
abstract love of squares and square roots, — it is the iaj;t, that 
the operation on the slide rule for finding any of the tliMf 
numbers in question is in the farmer case the giqiplaet oS 
the two ; as we may now proceed to show. 
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Section 15.— Riii.es for fisdinq the Hoksb Poweb,! 
THE Ahea of Fibe Gmate, and the Area op Efteotivb i 
Heatinq Surface, dsefol in alterisq or bksettino 
Old Boilers. 

Let 3 ^ tho eSeclive heating sur&ce in square yards. 

P = tLe area of the fire grata in square feet. 

p ^ tbe horse power of the hoiler. 
Theu, using the inverted Blide-rule or common rule \ 
the glide reversed, it must be get as follows : — 

A I H orse Power = p | Fire^gretejnsq, feet = f 

o I Horse Power = p | Heating surface in sq. yards = 

Suppose, for example, that we have 10 square jards of 
effective beating surface in a boiler, with a fire-grate of S5 
square feet, and we wish to know the most suitaLIe rate to 
work the boiler at. Theu place s = 10 on d, against f ^ 
95 oil A, and looking to the left hand, the first two divisions 
of tbe same value that coincide with each other (wiiich are tboM 
of 20) represent the horse power, as in the example below. 
A I _p = flO 1 r = a6 eg. feet. 
a I p^aO j s = 16 sq. yards. 

Agaiu, suppoBo that a boiler is intended to diive a 30-horae 
engine, hut it has only S5 square yards of sui'fkce, and the 
area of the fire grate is required. Then place 30 = tha 
horse power on n, ngainst the same number on a, and looking 
lo the right hand, you will find, against QS yards of surface ou 
n, tbe answer to be nearly DO sqiiai-e feet upon a for the area 
of lbs fire grate ; and in like manner against any number 
e\pressing tbe square yards of effective beating surface oa 
^>. you will find tbe number of square feet of fire grate moat 
Huitable for the given poiver upon a. In short, tbe inverted 
line o represents a table of 80-horse boilers with varioua 
ijiinntitiea of surface, and the line A i;e'^TesieTi\a ».\jiK\a A; 
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The rule, wLeu thus set, exhibits at a 
' ways in which a 30-horae boiler may be set up. 

It will be seen that any one of these three principal data 
respecting boilers may thus be found when the other two are 
giveu, by any workman in the possession of a slide rule ; sod 
it ia for his use only that these examples are given. 

Aa rules and examples of the arithmetical operations for 
the foregoing questions may he useful to a large class tt 
workmen who may wish to exerciae themselves at figures, 
they are also added. 

Rule 1. To find the maximum horse power at which to 
work a steam-engius boiler that ia not well proportioned. — 
Multiply the area of the fire grate in square feet by the srea 
of the effective heating surface in square yards, and the square 
root of the product is the horse power required; provided 
alivays there is not leas than 1 square foot of grate for each 
yard of surface. 

Example 1. Suppose a boiler to have 16square yards of effec- 
tive beating surface, and a fire grate of 5 feet square, or 26 
feet in area: required the maximum horse power at~ which 
to work the boiler with Lancashire coal, in order to have as 
little waste as possible 

Q5 sq. feet. 
16 eq. yards. 

150 
25 

■ Amwtr, 

400(a0-hor8e power. 



Area of fire grate . 
Ditto of surface 



Now if, instead of Lancashire coal, oa in the abovd AX' 
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the best Wehh or with American coaJ, which we may eapfl 
pose, for comparison sake, to be of double the strength of the 
Lancashire coal, or, in other words, that instead of requiring 
a eqvmre foot of grate per horse power we find half a square 
foot sufficient, — then the eame question may he stated in this 
way : — 

Example a. A boiler having 16 yards of surface, has a. 
^Ci-horse Jire grate, required the power it may h< 
without waste. 

Area of heating surface . . 10 square yards, t 
Horse power of fire grate , 50 

A»swer, 

800(38'28 sq. root, < 



power require 



48)400 



sr, similai- operations may be performefl^ 
for other fuels, using the number of horses' power that the 
fire grate would be equal to according to the value of the 
fuel used, instead of the area of the grate itself. 

Rule 3. To find the proper area of fire grate most 
suitable for working a steam boiler, with a deScieut 
heating surface, iu order to drive an engine of any given 
number of horses' power. — Divide the square of the given 
horse power by the square yards of effectiye heating 
surface, and the quotient is the area of the fire grate 
in square feet for Lancashire coal. 

When any other coal is used of a different quality, then 
divide the last quotient again by s, nvHaXiet t«ttfew^s*''^*^'*> 
1. xaai, 'fiVem. 'fiaa "S^^ 
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cashire coal is called ], which will give the proper area of 
the grate id square feet. 

Example 3. Suppose a Bt«ain boiler has 16 aqaare yarda of 
effective heating eurface, what must be the area of the Art 
grate to enable it to drive a QO-horae engine with the greatMt 
I economy in Newcastle coal ? 

Horse power . 20 



( 4)400 aq. of the horse power, 

Surface, 16 { 

( 4)100 

Square feet 25 area of fire grate for Lan- 

cashire coal. 

Again, if we consider Newcastle coal to be Jrd better 
than the average of Lanaashire taken as unity, its value will 
be expressed by 1^ or 1'33 ; therefore, 

l'33)a6-00{18-7 area of fire grate for New 
13 3 castle coal. 



Section 16. — On the Capaoits of the Steam Chambee. 

Before going further into the general principles that goven 
the form and construction of the steam-engine boiler, we hare 
an element to take into consideration of not much leas vtOi- 
portance than the heating surface already disposed of, and 
that is. its capacity for steam and water, but naore particukriy 



The proper capacity of the steam chamber or eteam cfaesti 
bas been much less considered by engineers than the ■ 
m XlJiJfH both. theoveUcal. oad > 
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men have generally agreed in this matWr, na they occasionally 
do when they are both wrong, to tliink it of little consequence. 
We shall, however, soon see what hliud guides a little reason- 
ing upon a limited observation of facts is capable of makiag. 

If, instead of the ordinary steam chamber of a boiler, we 
have a detached steam chest or close box or yessel, containing 
a permanently elastic gas, or even steam iteelf separated trora 
water, allowing its temperature to remain the same, and sup- 
posing a communicatiou to be made, hy means of a cock or 
valve, with a second vessel of the aanie napacity as the first, 
and q^uite empty, then, as soon as the second vessel becomes 
filled with the expanded steam, it is evident that by occupy- 
ing double the space the elastic force of the steam will be 
reduced exactly one-half; the resulting pressure being always 
inversely as the expansion. Now, if we further suppose the 
first vessel to he constantly receiving a unifonn supply of the 
steam, we can obtain a rule for making the two vessels in just 
L mch proportion to each other as will keep any variation iu 
3 tlia elastic force of the steam, in the first vessel, during any 
1 given short periods of time required for shutting and opening 
the valve of communication, within any given limits. 

Tiiero is no need, however, to follow Tredgold's example by 

giving the calculation, because the two vessels are very far 

I from being a parallel case to that of a steam-engine boiler 

h and cylinder. This is owing to the fact, which appears to 

" have been quite unknown and unnoticed, both by Tredgold 

and all other writers, that t/iere is nothing like a uniformity of 

supply in the boiler : on the contrary, the supply of steam from 

the water in the boiler is more violently inlenniltent, if the 

expression may be allowed, than any mere opening a^'~ 

Isiiattiiig of valves can account for. 
Although the eflect of the action of the fire against t] 
n bnlsF may be supposed to be uniform, yet by far the greatedC 
H poitioTi of the steam is very rapidly generated duiing the first 
^Unlf of each stroke of the piston, and at wtildi Lto\« v»\). 
^BAiillitJOB, properly so called, takes plcice, Wl n^^ui^ xv'saii 
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ceases immedintely after the piston passes the ] 
greatest velocity, — and the great difference in the qiu 
of steam supplied by water in a hoiling state and wli 
hoiling, although at the same temperature, it is unnecea 
insist on. % 

The steam in a boiler continues of course to acO^ 
although alonly, during the timo that the inductitttt 
quite closed; but as soon as the momentum of the i 
carries the crank over tlie centre and opens the yd 
surface of the water iu the boiler is, with the commai 
of each stroke, simullaneouslj relieved from a portJM 
pressure of the steam, nud the water immediately coaj 
boiling, let its temperature be what it may. ^ 

A very demon strative way of illustrating this ints 
action of the water of a steam-engine boiler, is toy 
teat lube with a small portion of the bottom cut oi 
neck of a Florence flask containing boiling water, ant 
over an argand lamp or gas-light ; then by using i 
way of piston, and the test tube as a cylinder, the fi 
non we are speaking of, may be produced in n 
exactly as it occurs with the ateam engine itself; m 
this great advantage that it can he seen, and therefbv^ 
understood. i 

It will be perceived by those who may repeat tfaidri 
ment, that the manner in which steam is produco(( 
boiler of a steam engine at work, is partly by a dM 
process during the times that the valves are closed.^ 
act of closing, or, properly speaking, by evaporation,4 
dependent upon the extent or superficial area of tM 
rating surface or surface of water, as well as upon tli4 
heating surface ; but of course the steam is princip^ 
duced dming the short period of violent ebullitionjJ 
duction in the latter case being termed by chemists m 
lion, which seems to mark a proper distinction ; ^ 
iowever, generally use the n\oi:e comtaovi Xsxxa evopoflj 
express (he compound process we ^iwe^o'iiewi'tCSIk 
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letnming to the assumed case of the two vesaela, and 

TOpposing that the flret (which may represent the steam 
chamber of a boiler) ia constantly receiving a uniform sup- 
ply of steara, equivalent to Tredgold's idea of a constantly- 
uniform evaporation of the water, then it would evidently 
follow that the pressure of the steam must always retain the 
greatest degree of uniformity when the How of the latter 
through the channel of communication with the second vessel 
(which vessel may represent the cylinder) is interrupted for 
the shortest possible period of time ; and consequently under 
similar circumstances a smaller capacity of steam chamber 
would be sufficient to render any vaiiatJon of pressure ini- 
cousiderable, than if those interruptions were to occupy a 
greater portion of time. A precisely similar conclusion, 
founded upon the mistaken assumption of ati equability iu 
the generation of steam, ia the groundwork of the eiTOneoua 
theory of Tredgold, as may be seen by reference to his work 
(art. aiO, &c., original ed,). 

The above error once adopted led naturally enough to ths 
conclusion arrived at by Tredgold, after a mathematical in- 
■vestigation of the point, that an engine KOrhing expansiveljf. 
requires a larger sUam chamber than when acting at fnXt' 
pressure ! namely, that in a double-acting engine, with the 
steam cut off at half stroke, the capacity of the steam cham- 
ber should not be less than eight times the volume of the 
6t«am used for each stroke, whilst for the same engine, work- 
ing at full pressure, he states that about three times the' 
quantity used for each stroke may be sufficient. 

The impossibility of such a conclusion being the true one, ' 
would have struck any one practically acquainted with the 
subject, from its absurdity, which is only equalled by a simi- 
lar statement, quoted by Tredgoid from Prony's " Architecture 
Hydranlique," to the effect that it is one of the advantages of a 
double-acting engine that it requires a smaller boiler than, a 
single-aeting one; which observation most W-^e w.-pae.'o. 'i.vi'Oi I 

^^ a&we fake premises and the same "moie oi xeaatiWM^- .^J 
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If, aa ueordiag VVvVMHHIHHRi be tbe ex, 
ill tboM engtses «faaa> Tihrti an dMoi ibr the chortttt 
portion of time betire«n the BlnkBi required the l^ast apt- 
citj of tHe^m chamber, then the old-hshioned hand-ge«r or 
ta^«t-*alve engm«. in «hk-h thr action of ehatting and opeit- 
ing the valfes is (ffected the most BnddeniT, troold be able ta 
do wiib less etetm room than the modem slide-valre eapnt, 
nrfaich is worked by an eccentric; btit it is proverbiallj «d 
known that the reveree of this is the case. 

With respect to the prupoition that Tredgold finally » 
commended in practiir?, it Is fortanate perhaps that he net 
with a remark of Dr. Thomas Toraigs, to the effect that ibt 
Bteam chamber should contain ten times the volume of Btean 
consumed at each stroke ; for, after quoting Millington'i 
opinion, that _fire or si'j times, and giving his own that tknt 
time*, that quautity h sufficient (which is equivalent in a low- 
prcBsure engine to about 3 cnbic feet of steam room per 
horse power), bo appears to have thought it " one of thosl 
cases which seems to be incapable of being investigatei 
otherwise than by eiperienoe," and ends by recommending, 
that " to limit a low-pressnre steam boiler of a double-acting 
engine to a change of elastic force not exceeding ^th, hb 
must have ten feet of tpatefor steam, and ten for water, ftif 
each horse power." 

Although there are many boilera working with this propur 
tlon of steam room, and even with a smaller proportion, all 
of them that are capable of doing their work with TOodemte 
economy, are either liable to prime, or belong to engioss 
in which the steam is very much throttled, or irirs draKit, 
the pressure being invariably a great deal higher in the 
boiler than in the cylinder, and in some cases nearly 
double. I'rom this cause, mauily, we have the tampering 
with the safety valves, and consequent accidents continually 
occurring where high-pressure engines are in use. In low' 
engines this method of meelm?, ftie i\ffiLi!.u.ltY of 
\MaaU a Bteara chamber, ty laiaiDg \.Ve ^"cea^ivH*, 
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Steam, ia iiot practicable to anything like the same extent, 
on account of the usual method of feeding tie boiler with 
naler by means of the ordinary stand pipe, at which tha 
water boils over when liie steam ia too high. 

Repeated observation for years has convinced me, that for 
VTOrking an ordinary condensing engine in a factory, where, 
nntil recently, the steam in the boilers was seldom more than 
a lbs. per square inch, greater pressure than the average pres- 
sure on the piston throughout the stroke, no less than Vi or 
14 cubic feet of steam room, per horse power is required, to 
enable the boiler to do its work properly. On that account 
I do not hesitate to recommend the steam chamber to contain 
at least half a cubic yard for each nominal horae power. 

k Section 17. — Cadseb and Effects of PaiMrsG. 
t proportion of half a cubic yard of steam room, under 
wdinary circumstances, as a minimum for each nominal horsa . 
power, ia recommended as the result ol' no very limited expe- I 
rience, being from actual personal examination and measure' 
meet of several hundred bailers, together with the recorded 
indicated power and economy of the engines to which they 
were attached, principally with a view to the determinatioa 
of this particular datum. 

Instances are occasionally met with where double the above 
proportion of steam room is not sufficient to prevent the 
boiler priming ; but there are iu such cases always some 
apecial eircumstances to account for it. For instance, where 
there has been any neglect in cleaning the boiler : but it 
fertunaUly happens that when a boiler primes from thia 
cause, it not only gives both visible and audible signs of its 
tlldng place, but also leaves in some measure permanent 
tmMS of its having done go, sometimes in the cylinder, but 
tlmost always ui the boiler, so that the accuracy of statements I 
on thia head admit of being satisEactonV'j \ie&\%&. 

Tlie presence of some kinds of d.\T\. \a, da» 'wttfiW^S 
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larly if it be of a mucilaginous nature, is liable to a 
engine to prime, whatever may be the amount of steam r( 
A small quantity of soap has a wonderful effect in this \ 
and, generally speaking, with a dirty boiler and a full liu 
the engine there is a continual "flushing" of the t 
the boiler, or an atumpt to "prime" at every atroke']| 
engine. In such cases we always find that the dirt 1 
tially left the boiler aud passed into the cylinder, lio 
seriously injuring the pacliinga of the piaton aiid val 
creating a great deal of extra friction, lowering the spee 
the engine, and causing great consumption of tallow and f^ 

It 13 a remarkable fact, that when the inside of a 
examiued immediately after it has primed much fro 
cause, marks are usually found running in a slantiiig 4 
tion up the sides of the steam chamber towards the sf 
pipe in nearly a direct line, leading from that part of 
surface of the water which is oTer the hottest part of 
furnace, just as if a partial esplosiou (if y 
of the water had taken place in that part of the boiUi 
spent its main force in the direction stated, 
any considerable quantity of mud or clay in the boiler, 
marks indicating the direction of this explosion or " flush 
are particularly legible, in streaks or ridges of mud reac 
far above the water surface ; and the effects of the vi( 
agitation of the water in such cases, I have frequently 
served in the forcible removal of heavy articles, which 
been placed in the boilers for the purpose of experiment. 

This peculiar tendency of the water in a steam-en 
boiler to rise into the cylinder of which we are treatic 
well known to all experienced operative engineers, itodei 
name of " priming," " flushing," " pumping," and other i 
lar terms, and is known to many as being the principi 
not the only thing which makes a large steam chamber i^ 
sary; for under certain circ urns lances connected with d 
capacitf of steam chamber, the ewgine is found U 
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In analyzing tbe various causes concerned in the produc- 
tioa of this effect, it ia necessary to take into consideration 
the eflfecte produced by the necessarily intermittent action of 
the valves, referred to in the last section. The supply of 
Bteam to the cylinder being momentarily cut off at the end 
of each stroke, as well as for a considerable period during 
each stroke, in those engines that work expansively, the ef- 
fect is to throw the water of the boiler into a slight nndu- 
latory motion, aa may frequently he observed of that in the 
glass-tube water gauge. This undulatory action of water in 
ibe boiler, although caused by and dependent on, appeara to 
be in addition to, the intermittent state of alternate ebullition 
and repose before described. At any rate, from one of these 
conditions or from both combined, it is certain that the mo- 
tion of the water occasionally becomes so violent as to carry 
it in a state of spray or foam into the cylinder along with 
the steam, and when in too great a quantity to escape through 
the steam port in the return stroke, it infallibly breaks down 
the engine. 

This effect must inevitably follow the priming of a suiH- 
cient quantity of water in the cylinder of a beam engine in a 
factory, because it is not and cannot be expected to be calcu- 
lated to withstand a sudden bloui, and such it is in i-eality. 
For if the water primes into the cylinder in the down stroke, 
it must remain on the top of the piston until it strikes against 
the cylinder cover in the up stroke, wilh more or less violence 
according to the quantity. From the incompressihility of 
water, the effect is the same as if a piece of iran of equal 
thickness to the depth of water on the piston was suddenly 
inserted in ita place. T)ie tremendous effect sometimes pro- 
duced when a large engine brealis down from this cause, may 
easily he conceived ; for as the vacant space left for clearance 
■ At the top of the cylinder is generally about the same depth 
I is large as in small engines, the intruding body of water 
L 8trike& the cylinder cover with a pra^vtvoiiBStj ^t«v.«t Va\.'tR. 
^Mpaerally the accident does not end ^-iOa To.e^A-3 'eX^as ' 
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breaking the crank pin, which may he the extent of the in- 
jury in small engines; but the momentum of the beam is 
added to that of the fly-wheel, and their combined force is 
exerted directly in aplitting the cylinder, or tearing off the 
cylinder cover, thence effectually demolishing all the rods and 
gearing. 

Where a steam engine, or rather the boiler, ia ovenrorked, 
and the load on the engine not very regular, experiments 
tendin|; to the foregoing effect may be said to be going on 
almost daily ; and in many cases even without the owner being 
aware of anything of tho kind, until hia engine hm beeu 
broken down a few times, and fti^er the expenditure of a few 
hundred pounds, when, as it is expressively said in Lau- 
cttshire, " he finds it out." 

This tendency of the water to rise into the cylinder is 
always considerably promoted by the very usual situation of 
the steam induction-pipe at the back end of the boiler, which 
seems to arise partly from the constant circulatioii of the 
water, which causes a current at the surfiice to aet in the 
direction of the length of the boiler from the front end to the 
back. This circulation (if water takes place in all oblong 
boilers, with a certain -velocity depending on the ratio that 
the intensity of the heat in the furnace beai^ to the qoantity 
of Wftler to be kept heated, and is entirely independent of the 
other two causes before stated. But it is most probable that 
nil three are sometimes combined in producing tcaves, which 
take their rise over the fire, and gradually increase in height 
an they pass hiwards the back part of the boiler. 

That uavea are always generated wiUiin a long boiler, 
when ihn etiglne is about to prime, is a singular but well- 
iincovtntiied fact, as is shown by the frequent great and snd- 
il"n depi-essions of the float at such times, especially if the 
lallur happens to be placed at the contrary end of the boiler 
III that wliPiT tho steam pipe is fixed. In watching the 
'''i/i/rf/i-j(irt'(isgivenlleroato elevations and depressions of the 
iiiHloHtor. huoy, or float r>\ a V>\\« m •Ctvis. 
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priming may frequently be observed to reonr periodically 
after intervals of a certain number of strokes, provided that 
ihe state of the fire and the load on the engine continue per- 
fectly uniform. 

Those who have leisure and inclinfttion to pursue this part 
of the subject, will find it an interesting field of inquiry, and 
far from being one of barren curioaity only, inasmuch as a 
ftew well-direct«d experiments may lead to results, perhaps, 
calculated to unravel some of the still nnespliiined causes con- 
nected with violent steam-boiler explosion b, 

Section IB,— On Boiler Eoom generally. 

From what has appeared, it would be fair to assume that 
the space for steam in a boiler ought not to he lest than about 
half a cubic yard per horse power ; and when I have succeeded 
in establishing this position in the minds of my readers, by 
showing how universally this proportion is idemiBed with the 
moBt Huccesaful practice, there will be no difficulty whatever 
in obtaining tbeir assent, to auother proposition, namely, that 
the space required for water certainly ought not to hs more 
than half a cubic yard per horse power. Tlierefore, generally, 
the total capacity of steam boilera may be stated at a cubio 
yard per horse power, not more than half of that space being 
water room, nor less than half of it for steam. 

In enunciating this proposition I disclaim any right to 
being its first promulgator, for it used to be a current saying 
amongst the engineers in tbo north of England more than 
thirty years ago. that a good steam engine ought to have an 
area of piston equal to 27 circular inches for each horse power, 
while the boiler ought to have a capacity of 27 cubic feet for 
the same. This is one of those maxims which soon become 
established in any profession where there is a good deal of 
practice, and it is about as old as the time of the first intro- 
duction of Boulton and Watt's patent engines to the collieries 
in the coiinUes of Durham anA 'tioTlVviTOViMXwai. 
^b/d bo wide a field for expeTience m 'Oas «^-^is»!6.ti\i'A.*M| 
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power to an unifonn liind of woTh, the a 
Buppoaed to have some H priori claims to bo considered aom 
■where near the truth. I have, however, endeavoured to pr 
vent such considerations from inSuencbig my opinions witho 
farther proof; besides, laj experiments and observations ha' 
been for more than twenty years principally confined ta tl 
manufecturing districts of which Manchester is the centi 
and more especially to the engines and boilers of the cotti 
fectories, where alao, from a wiiformity of work, we have 
fiimilar field for experience to that presented by the collieri 
in the north of England, but with considerably greater faci 
ties for investigation and comparison. The concentration 
the cotton- spinning business in large towns, where the cc 
Btant interchange of opinion amongst the managers and c 
gineers of the various factories tends to produce a certs 
degree of uniformity of management, whilst the rivalry 
competition will not allow any one to lag very far behind J 
best of hia neighbours, has given decided adva 
respect to Lancashire. 

In stating the quantity of boiler room necessary for t 
horse power, there is no need to insist that it does not adi 
of considerable latitude, in which the difference in effect 
scarcely perceivable; but the correct proportion is nn 
easier ascertained than persons unused to such researcl 
might expect. 

It may surprise some engineers, who have been accuaton 
to calculate to the fraction of a horse power, to be lold.fl 
the power of the steam engine itself can, in general, nnWJ 
approximated to in a very rough way, compared to whiw 
properly-calculated power of the boiler, with certain J 
qualities of fuel, is exactness itaeif. This arises frcnM 
friction of an engine, which, although capable of being all 
tained within moderate limits for any assigned moment, ii 
that fluctuating character, and withal so large a portion — fi 
Jtt^'eiffktk to one-third of the whole Voai — t,hat there is noth 
boat the data of a boiler to be coniig^^ 
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It is also much easier to acquire a knowledge of a number 
of experimental truths on this subject, by a, very little ob- 
sei'vatioii and attention, than is usually supposed, and without 
directly instituting experiments, or wasting time by what is 
verj' often miaunderstood to be experimetiling, that is, "playing 
with models." 

As a description of the best mode of experimenting on a. 
large and practical scale, we may suppose, wbat is a very 
common case, that any given steam engine has two boilers, 
with which it is worked alternately, each having the same 
evaporating power, and in all other respects similar except as 
lo capacity, one of them having 20 and the other 35 cubic feet 
per horse power (reckoned on the actual evaporation of the 
boiler in cubic feet), of course a direct reference to the coal 
aooount will give the comparative economy of the two boilers, 
which we will suppose to be determined ui favour of the larger 
one. Agmn, suppose we find, iu another similar cose, taken 
at random, that the proportional capacities are '23 and 27 
cabic feet per horse power, and that it is again determined 
that the larger boiler wurlis the engine with the least quantity 
of coa), we are then assured that the true proportion is nbove 
twenty-Jive cubic Jeet per horse. Now if we take two other seta 
of experiments on boilers, whose capacities we suppose to ba 
considerably above the true proportion, say 30 or 40, or aay 
other number of cubic feet per liorse, and compare them in a 
similar way, we soon arrive at the fact that the best proportion 
lays between 25 and 29 cubic feet; and by proceeding in this 
manner as opportunities for observation occur, we may ap- 
proximate to the true proportion as near as ever we like, in 
fact to about tmenty-sercn cubic feet; for the illustration given 
above accurately describes the mode I actually adopted for 
arriving at this result. 

Although the above comparatively large proportion of boiler 
room is given as the average of the best practice in Lancashire, 
it must be stated that it is not at s^ & -^\ev^-Kva<^ (i- 
tbere thatsa laige a proportion \a ueeiei. "^"^ft -kskix*-"^ 
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rule ID Lancashire is, " far each square ineh in the arM 

piaton to allow a cubic foot in the boiler." Now if thw 

ders are of the ordinary proportioTis, it will t 

is little more thau |ths of what we have coooluded on'j 

best, which is more nearly at the rate of a 

circular inch ; and in the north-country rale belbn 

tioned it ia exactly bo. 

Thoee who have acted upon this popular rule, however, I 
heen principally the makers of email engines, that, are u 
for a variety of purposes where economy of space is of a 
importance than economy of fuel, and where, for thsq 
reason, tho engines are made with very short strokea. flj 
been observed, also, that this popular rule has givea W^ 
portion that has worked well where engines are -workinf 
pairs and not much overloaded, similar to marine engii 
and from the fact that both Boultoa, Watt, and Co., and %< 
other of our best engine makers, have, during the lost tei 
fifteen years, erected several of those " land marine " eng 
in the cotton factories, tlie rule deserves some consideatri* 

It ia, however, necessary to bear in mind that the ol^« 
a treatise like the present, professing to lay down a '^ 
foundation for prftctical boiler engineering, ought to h 
simply to determine the beat proportions of the nngl&% 
of a tingU double-powered condenaiug engine, and 1 
comphcating the subject more than necessary until tl 
for thia one object is fairly established. 

Section 19.— Tu B a d W tt" 

It is very commonl stat d that B It n and Watt &i 
25 cubic feet of apa e n the b lers f ach horse pd|| 
hut it is certain that M Watt n 1 f any opinion M(i! 
effect on record, and it is no less certain that the prsAU 
the iate firm of Boulton, Watt, -and Co., gave n 
soeh sfafement. 
-fa tbna refening to the cele'bTated 6TTa til 1 



Watt, I da not profeaa to have any eselusive knoivledge of tha 1 
rules they used otherwise than by the means that are open W 1 
otliera, that is, hy measuring a good number of the boilera and | 
knowing thwir capabilities. The proportions used by other J 
engioeers I also preferred to obtain in the same way, althougti|J 
kindly offered every information on the subject I 
the first houses in the trade. 

Jt is true that aome of Boulton and Watt's SO-horse boilers 1 
that I have met with just occupy a space of about 18| cubia I 
yards, or measuring hy their extreme dimensions, say 13 feet I 
long, 54 feet wide, and T^ feet deep — nearly 500 cubic feet^ 
which, divided by 20, gives just 35 cubic feet of " space " forfl 
each horse power. But this is of course ipaea for itoicage, c 
room for the boiler to stand in, and not inside " boiler n 
OS usually uudei'stood, although it is uot all improbable tha^ I 
the general currency of the Btateuient may have had no bettor f 
origin than a mere commercial Birangement for packing it a 
board ship. 

There is only one other way in which such an errotieou 
statement could have obtained currency, and that is by 1 
Boulton and Watt's 30-horse boilers being miataken for 
20-horse, owing to their ordinary practice, when erecting their 
engines in Lancashire, of putting down a GO-horse boiler to a 
fJO-horse engine. 

Although it ia admitted that the day for wagon boilers ii 
past, yet it may be useful to put on record the details of some''^ 
of the most effident and economical that are now in use in 
the Manchester factories, if it be only to mark the progress 
ibnt may be made with circular boilere and greater 
pausion. 

The following (fig. 5) ia a cross section of a " Boulton aad@ 
4'att boiler," as erected by Boulton, Watt, and Co.. at 8 silk' 
fietory in Manchester, about fifteen years ago ; and as this was 
(case (and not an isolated one) in which this parlicular kiudoE 
boiler was adopted by my advice, 1 \iBl\6 ^ifti t,-^\*. «^^t- 
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tunitios of watching its performance. Fig. 6 is a longitadind 
aection of the same boiler, showing the uptake of the iasiie 




This boiler is 5^ feet wide by 7^ feet deep, the same as iha 

iO-horse boiler mentioned above ; but instead of 13feet,itifl 

mi5 feet iong, and contains an inside flue measuring QO incbw 
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Hide across the top, Tbis, according to the rule for fined 
boilers formerly mentioned, is considered iu Laucesbire equal 



(5-S 4- l'G6) 



= Sl'iS. or about 21g-borse power; 



and if we calculate the cubic capacity of the boiler, includirg 
the flue tube, from the same dimensions, we shall find it to 
be about 18f cubic yards, or very little more than 500 cubic 
feet ; and this, supposing it to be taken for a 20-horae boiler 
(which it actually is) instead of a 30, gives just 25 cubic feet 
per horse power, showing the same resdt as before. 

I shall only add in this place, that this boiler was equal to 
drive a Boulton aud Watt 20-hor5e engine with great ease, 
loaded to full 30 effective horse power, with less than 10 
pounds of coal per horse power per hour, including making 
sufficient steam to warm a large fectory where it is yet at 

With respect to the effect which the propagation of the 
above assumed rule for boiler room has had on the practice of 
boiler making generally, tiiere is no doubt but it has been 
beuoflcial ; for makers and users of boilere have been naturally 
induced not to depart very fiir from what they considered 
Boulton and Watt's standard. We have, in consequence, a 
great number of boilers of all the various forms in use, ranging 
■within o few feet above and below this proportion of 25 per 
horse power, from which a good average proportion can be 
obtained far more nearly correct than if the practice of 
engineers had varied at random, or to a greater extent on 
either side of this imaginary standard, which accidentally 
turns out to he very near the correct proportion. It is a 
comparison of a great many cases of this kind which has con- 
vinced me that those boilers which are a little above 25 cubic 
iL'et per horse are the most economical. It may be asked bow 
we are to reconcile the above conclusion with the generally- 
acknowledged efficiency of Boulton and Watt's boilers, 

ing they are not more than |t4s V\\ft xisweJi -^tw^-tCsKsi. 
y given by other engineeta, atvi \ft^ <i;na».\y.^^ 
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what T now recommend as giving the best resalts in p 
This question admits Imt of heing answered in one way, di 
is, hy a reference to the practice already alluded to, of rati 
the lioilers at one-htilf more than the nominal power of t 
engines they arc intended to dri»e. The propriety of t 
practice was proved in the particular case recited, the engi 
to which this boiler waa applied being overloaded just in t 
same proportion. a 

] 

SECTtos 20. — CiPAciTi OF "Water Chamber, j 

In fixing on the proper capacity of the water chamber o 
steam-engine boiler, there are oot such peculiar difficultief 
in the case of the steam chamber; and any one at a f 
view of tihe matter 'would say as many do say without 8U 
cient consideration tbit thert caunot Le too little water, j 
Tided the boiler is filled to the proper height ; for it is qi 
obWouH the smaller the quantitv ot water the leas will be 
expenditure of the fuel during the tirat getting up of 
steam after each steppage of the engme It is, however, 
the "getting up" the steam, but the keeping it up, thata| 
to be considered of most consequence. M 

It is a prevailing opinion that, after the steam is onM 
up, there is no material difference between keeping a li 
quantity of water boiling, and a smaller quantity, prov 
£he escape of heat is prevented by siiiEciently clothing 
boiler with non-conducting substances ; but on this buI 
engineers differ, although why practical men should diffe 
opinion on ao plain a, matter is unaccountable. It apf 
very clear to me that a large quantiti/ of maier must iw 
more heat, or heated surface, to keep it boiling, than a e^ 
quantity, even supposing the heat required to gsntTit^ 
steam to be equal in each case ; for there must be a grMi| 
of power expended in keeping the water in motion, and'l 
jiractical meciinaic knows that we iie\BT ^et, ^war for no^ 
. On the other band, when tiveie ia \fiQ amii ^t^ 
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water, it is difficult to keep the steam sufficiently steady. It 
is tlieo quickly got up, but is liable to get quickly down ^ain. 
Ttiia is more especially the case where the old system of firing 
and stoking by hand is still in use ; hut where any system of 
machine firing is used, on tbe principle of continuous supply, 
a much leas quantity of wat«r is found to do thau was formerly 
thought necessary. 

The priming of the engine is, also, not altogether un- 
affected by the qnantity of water the boiler may contain, 
irrespective of the height of the water surface, inasmuch as a 
smaller quantity of water becomes much aoouer tkkkened. 
I'he daily accumulations of whatever dirt or impurities enter 
the boiler along with the supply water, either in solution 
OT suspension, become sooner concentrated by boiling; con- 
sequently freqnent cleaning of the Itoiler, by preventing 
priming, enables us to work with a smaller quantity of water. 
It is in this way that there 19 almost always a. saving of fuel 
to be effected by a proper arrangement of deposit vessels in 
the water chamber of a boiler; for they displace a certain 
quautitj of water, and at the same time collect the deposit. 
Except for considerations of this kind, it is very evident that 
we cannot have too little water room ; but our business at 
present is only with the ordinarily well-managed boiler of a 
factoiy engine, that is supplied with good water and kept 
moderately clean ; and with that I consider half a cubic yard 
of w-aler room per horse power ought never to be exceeded. 

It has been very commonly considered that 10 or 12 cubic 
feet of water per horse power is as little as ought to be allowed. 
Treiigold recommends not less than 10, in oonsideration of the 
feeding apparatus for water not acting with perfect uniforraity, 
even if ever eo delicately adjusted; hut in fact, contrary to 
what Tredgold supposes, it is usually found that the feed-water 
iMitera the boiler with the greatest uniformity when the feeding 
apparatus ia not so very delicately adjusted ; for when the float 

father stiffly, it is then not so myic\i B.Sett\»i'*viv'iia ts 
al ehaUHion and agitation ol fhe -wBAjet. 
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I have already stated that we ought in do case to have oi^H 
than 13i cubic feet, or half a cubic jard of water per, horse 
power ; aad lowering the water surface in a boiler at any time 
would go far towards convincing any one of this, were it not 
ihat the improvement thereby made may be supposed to be as 
imuch owing to increasing the steam room as diminishing tLe 
itpace for water. To obviate this source of uncertainty, how- 
ever, I undertook a long course of experiments in partially 
filling up the water spaces of boilers with large stones and 
other articles without altering the water level or the other 
couditiouB of the boiler, somewhat similar to what is repre- 
iiented iu figs, 7, 8, and 9, to the extent, in some cases, of 
ig only a mere shell of water between the solid fiUiug-up 
blocks and the boiler sides; and it was invariably found tfiat 
decreasing the water decreased the consumption of fuel. 
Even as much as from 6 to 10 per cent, was occasionally 





gained in Uiid way. Wlieu I t'lrsL menliunei tiift \'ss,vi\. ^1 
some of those experiments, the ^iImi oi \iiv[i%^«\%;'4-^^3N 
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in the watei- room was imTnediately adopted at Bereral 
in the north of England, although often without jadgmei 
discrimination, and where it did more harm in one resj 
than good in another. Nothing could he more simple i 
cheap, literally costing uoliiiiig ; for anything might he u 
for the purpose that came to hand, such as iron, stone, timl 
4o. The articlea used should he fined upon a platform m 
of iron rods, laid across the internal stays of the boiler, 
BufQciently clear from the bottom and sides, as represents 
the preceding figures. The most convenient ai'Iicles for 
purpose were large fire bricks, from IS to 30 inches long, 
inches broad, and from 4 to 6 inches thick, mth an oval-sha 
concavity on one or both sides sufficient to take away at 
one-half of the material. With these dimensions, 36 of tJ 
occupy about a cubic yard. 

It is proper to mention one practical disadvantage in Ui 
the fire-brick blocks to any great extent. They were foun 
keep the steam up fur some time after the fire was put oul 
fact decisive of their economy in a theoretical point of v 
yet, owing to the waste of water caused by the steam blov 
away at the safety valve during the night, or after the enj 
had stopped, there was danger of the water getting too lov 

There can be little doubt that these UUing-up blocks I 

ta beneficial effect in producing a uniformity in the evap 
tion, independently of the eftect arising from the displacen 
of the water, and which may be likened to that of the 
wheel on the engine, by becoming a sort of reservoir of b 
or regulator of the evaporating power of the boiler. ' 
effect is especially observable if compared to the irreg 
action of a lioiler with a large inside flue when fired by hi 
the steam being liable to vary very considerably every I 
the furnace door is opened. 
M The plan which most readily suggests itself for diminisl 

■ the quantity of water in land boilers, without dimiuishiBj 
I deptJi or Joirering the water level, ia tlmt of putting i 
^^^PB-Mne tabes tlirough the lower '^b.vI cil \^q 'W^et. 
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tlia most usual course reoomraended by boiler maliers ; andj 
when not too expenaive, is certainly tbe best, as it both addf] 
to the heating surface and streugthens tbe boiler at tbe 
time, the tubes being made to answer all tbe purposes of ataya 
When tbe boiler ia too short in proportion to its diameter, it 
may also be serviceable, if required, in causing the current of 
flame and smoke to continue longer in contact with the boiler, 
which leads to the consideration of the subject of the next 
chopter. 



^H CHAPTER IV. 

Priodptei delcrminiDg the propel length of Boilers, with Examploi, Bulaiy I 
and I»3tnictit>ns m setting up. 

Section HI. — On OBEiT Extension of Suhface-, and Sating J 
Waste IIej 

Ohb of the most prevalent sources of error, to scientific ni 
less than to practical men, ia the apparent paradoxical fact tha^^ 
whatever length a boiler is made, the heated air or smoka whiolt' 
escapes is still capable of boiling water in a separate vessd 
plaeed in the flue leading to the chimney. This naturally iaf- 
duces a suspicion that, in ourordinary methods of setting boilen^] 
we only obtain a small portion of tbe heat derivable from the' 
fuel. Some of our most eminent scientific men have publicly 
stated as their opinion, derived from " chemical considerations" 
only. that, owing to "imperfect combustion" alone, to say 
nothing of the misapplication of its products, some aixty U 
seventy per cent, of the fuel is wasted I And nothing is 
oommon than to bear tbe most praetieal men declare th( 
belief that, for want of a proper application of those products, 
"one-half of the fuel goes up the cbiinney. 
patent offices are filled with the 
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iiurnerous inrentore of boilera, many of whom appear t 
have quite a mania for running after and " using up*" 
" whole of the faent," with a determination far eiceeding ■ 
of the perpetual raotiou seekers, and with quite as littlo olu 
ofsucceBs. 

The fact stated, however, is in no way surprising, altlio 
steam maj he thus raised in a close vessel, even to a ir 
greater pressure aud temperature than that in the boiler f 
which the waste heat has escaped. It certainly must 
allowed that steam so obtained, if returned into the boilt 
a workable pressure, is so much clear gain. My ai^um 
however, only is that it is not muck; and calculated comj 
cially it is worth less than nothing, that is, taking time 
the account; for, according to what is elsewhere observed 
find the steaui obtainable iu that way to be produce 
slow a rate, that its value is leas than a very small peM 
on the capital employed to obtain it. 

The general leaning of many manufacturers, as well at 
great minority of engineers, to erroneous opinions respei 
the proper length of boilers, as well as the proper quanti 
beatiug surface, namely, that they may both be almost i 
finitely extended with advantage, is much to be deplored, 
is difficult to eradicate, escept by dear-bought esperienco- 
best and only proper teacher where parties, from pr^ 
interest, or something worse, are inaccessible to reason-j 
only misfortune is that, of the two classes just refei«| 
manufacturers or proprietors of steam engines and sngin 
the dear-bought experience of the latter is eommonly pai 
hy tlie former! This needs no comment as to the result 
expected. I can only say that, both previously to aiu^j 
the publication of the last edition of my practical ] 
Boiiers, in 1839, I have had many opportunities of w 
the effect produced by lengthening boilers, but never yi 
with a single case where any absolute saviug accrued 
Buoh alterations, excepting where there had been pr 
fpcj of heating eutkce 01: ot &\fi%ca v 



The exceptions just stated are important, and require to be 
particularly noticed, for the neglect of them is generally the 
cause of much self-deception on this subject. A manufacturer, 
for iustance, has got his engine overloaded, causing an in- 
creased consumption of fuel, arising from the necessity of 
overfiring a boiler too small for the work it lias to do. He 
then finds, perhaps for the first time, that the tempemture 
inside the chimney llue is 600° or 600°, and Icnowing that the 
heat of the steam is little more than 312°, he hastily concludes 
that the difference is sent up the chimney and lost; and con- 
sequently, instead of putting in alargerfiregrate, orat the most 
a larger boiler, he gives a ready assent to the use of any plau- 
sible means of " robbing the smoke of this waste heat before it 
escapes." Hence a boundless tield of speculative inquiry is 
opened, and hosv to " use up the whole of the heat" in the 
most advantageous manner, becomes a questiou of intense in- 
terest to those whose eatahlisliments require the expeoditure 
of several thousands a year in fuel. 

In many attempts to save this waste heat separate boilers 
have been added, completely inclosed iu the main flues leading 
from the boiler to the chimney, without the least perceptible 
result as to saving of fuel. These supplementaiy boilers, or 
•' heat savers," as they are always called (when first ordered), 
liave been also made without any steam room, and applied 
solely for the purpose of heating, or rather only warming, 
the water for feeding the larger boiler. It is true that ibo 
nater is certainly elevated in temperature on its way to 
the boiler; yet exactly how much heat has ever been saved 
by such means I believe is yet a question for the philoso- 
phers : but judging of the quantity of heat, latent and sen- 
sible, saved by its effect in saving fuel, which is the most 
sensible ciileriou for the manufacturer to judge by. it dif- 
fers from nothing (if not quite nothing) by less than any 
assignable quantity. 

la one ease to which my attention woa ■ga.vt.itu.lM.Vi 3 



T4 



KTIDIHBHTABt TSKACTSE 



reeled at the time, from the circnmstance of its beiug aJoptt 
if not at the express advice, at least in accordance with t 
opinions, of n very eminent Manchester cheniiat, the "bt 
saver " was a 4-hoi-se cylinder boiler, of a feefc diamet 
and 10 feet long, snspended longitudinally in the mg 
chimney flue of a iO-horae Bonlton and Watt boiler, 
such a ivaj as to be no interruption to the draft ; and atthotii 
this might be considered equivalent to the addition of a,t lei 
10 per cent, to the heating surface of the boiler, in order 
make the experiment more decisive a second "heat save 
was at the same time-ordered, of somewhat thinner iron, L 
of exactly the same size, and also fixed at a little distance 1 
yond the first. They were connected together by a pi] 
and the first was connected with the ordinary feed pipe of I 
boiler. A separate supply pipe was also carried from the 1 
well to the farthest heat saver, so that the feed water \ 
forced through both the heat savers before it entered i 
boiler. The ordinary feed apparatna was also retained, 
that either mode of supply could be used for the purpose 
experiment. The chief result, however, was clearly m 
blished to he no appreciable saving in fuel ; and althouj 
heat savers succeeded in mailing the water within fl 
nearly, if not quite, as hot as that in the boiler, ye( 
ohaerved that there was very little difference in temperat 
(only two or three degrees) within the ordinary feed pipe 
the boiler, whether it received its supply from the h 
savers or direct from the hot well of the engine, at least t 
colder. 

This result was evidently a consequence of the fao(^ 
the quantity of heat required to raise the temperature o 
water in the boiler about 100° was practically noth 
compared to the quantity required to convert the B 
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Section 22. — Gheat Extension in Length not necessabt. 

The plan most commonly resorted to, however, is to 
lengthen the boiler, and if in any such case a manufacturer 
finds a certain saving of fuel, he usually ascribea the improve- 
ment solely to the extension of the distance the amoke and 
hot air hare to travel before they escape, forgetting that the 
increased quantity of heating surface and boiler room may be 
quite sufficient to produce the increased economy in fuel, 
which in fact ia the case nine times out of ten. 

Correctly recorded experiments in all cases support the 
position I wish to enforce ; which is, that in a well-propor- 
tioned boiler there ought always to be a sufficient area of luaU 
mg tiirface tcitAtn as thort a spaea as postible. 

The propriety of a practice founded upon this principle was 
conclusively settled at that great era of steam engineering, 
the opening of the Liverpool and Manchester Railway, by 
the successful trial and final adoption of Mr. Stephenson's 
great invention, without which railways would have been 
useless for many of their most important purposes — I allude 
to the fire-box tubular boiler of the celebrated " Rocket " 
locomotive engine : to say nothing of the engine itself, as 
being a matter of mere secondary importance for connect- 
ing the power with the wheels, — it was the Boiler that 
was pronounced, with scarcely a dissentient among the hun- 
dreds of engineers who witnessed its performances, to bs 
"the invention" that was to "make" the railway; a pre- 
diction that a triumphant career of 90 years without a single 
competitor deserving the name has amply verified. It baa 
in trulh made railways, not only figuratively, but actually. 

The boiler of the Rocket, which so completely transformed 
the slow-going " puffing billy " travelling engine of the 
Hetton "wagon-way" into the iron race-horse of Lancashire, 
at the same time added greatly to its power of doing heavy 
work. And the more closely the princi^\ea vo,-<QV*ti.\a.>iQSS. 
are been adherei to wuca Ss. ^x*.'*. "^ms*- 
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oo tbe world like a rocket," the more perfect has been 
railway locomotive for efficiency and economy combined; 
thougli the most valuable of those principles were either 
very clearly understood, or not candidly actnowledged, 
any party during the celebrated battle of the gauges. 1 
as it ia always good to recur to first principles, it may be 
well to remind railway engineers that the great principlt 
tbe locomotive boiler ia quich combustion with short . 
direct draft, the extreme opposite of tjie far-famed Con 
system of alow combustion with long drawn out flue surfi 
and paints clearly to the policy of increasing the cum 
of tubes, and consequently the diameter of the boiler rat 
than its length. 

In adverting to the advent of the first efficient locomot 
it is impossible to help recurring to the strenuous efforts t 
made, in Liverpool and other places, to prove by esperin 
the alleged superiority and economy of various new pat 
boilers, constructed on a principle completely opposed to t 
of the Rocket, — Laving long continuous winding flues, 
one of the patent boilers it was alleged that " the heat 
all BO entirely used up," by i\& extraordinary econom 
qualities — that the caloric evolved from the fuel was so a 
pletely abstracted by the mpid generation of Bteam, and 
heated air and incombustible gases so fai' robbed of their I 
and cooled down, that the naked hand or arm might be pli 
with impunity inside the tube by which the smoke escaped fi 
the boiler. And as if this experimental specimen of proi 
too much was not sufBcient, it was gravely alleged to i 
one hundred and twenty per cent, in fuel ! ! 

Section 23, — PjiiKcirLES oo\TinsiKa the Lekqth^ 
Boilers. ^ 

When a boiler is to be set up in the simplest possible v 
tAat is, ii'itliout return fines of any kind, it is of some coi 
i-J^~^Q-W to what lengt\L ihe ftame \i 
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iecause on this will depend in a great measQie the extfemB'] 
limit of the length of the holler. 

In using fuel with little or no flame, it is evident that »' 
boiler of a form approaching as nearly aa convenient to tht^i 
of the equal cylinder, or cylinder of greatest capacity, woulj 
be the best for economy in first cost, and if made widt' 
hemispherical ends, would also be the beat for Uiengtlh. 
Therefore a boiler of this form, whose lengtii is equal to twicfli 
its diameter, will be the shortest that can with any degree of 
propriety he recommended in any case. And it ia possiblft 
that such a boiler might be beneRcially adopted in some cbsmi 
where coke or anthracite coal is the fuel tised. 

There 13 a current opinion amongst experienced work- 
men, that the common wugon boiler ought to be about three, 
or foui" limes the length of the fire grate ; and it 
upon the observation, that when a boiler is set up in that' 
proportion, and the fire "managed as it ought to be," that 
the whole of the flame will be expended ogainat the boiler 
bottom, and never pass into the side flues along with the 
smoke. The truth of this observation, however, depende 
npoa circumstances. If heavy charges of some of the more 
bituminous kinds of Newcastle coal are made upon a grate 
with thick bars and confined air spaces, it is far too common 
to see the flame estend occaeionally lo double the length of 
the boiler every time it ia roused up by a very determined 
stoker; and it is osmmonly enough done as a feat to be 
boasted of; it is, however a feat of barbarism that, 
iu some possible urgent circumstances, ought never 
attempted. 

With boilers whose fire grates aro square and whose 
k-ngtlis are not less than four times the length of the firs 
gr«le, I have never seen an instance of the flame reaching 
the end of the boilei-, where I have not at the-Bame time 
fuund either the fire bars too thick or the fire too thick upoa.1 
Uw bus, or a bad draft, and UBaBl\3 b\^ >^e«, \);i^ 
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Even when the chimney draft is good, should the furn 
not be kept regularly cleaned and the Are bars free fi 
clJTikers, or should there bo a large laass of coals thrown ui 
the fire at once, covering the whole of the area, and thus 
terrtipting the due supply of air through the grate, the c 
sequence is nearly similar. In Buch a case the furnace 
comes little better than a gaa retort, and the gas so m 
has been frequently known to fill the chimney and fluea, 
as to take fire at the chimey-top, and burn like a gas li( 
This thick firing is in fact the ordinary trick of emoko burni 
" Distilling " gas, as they tenn it, from heavy oliargea of c 
and then setting fire to it beyond the bridge, thus occasioiii 
filling the flues with flame, hut generally with a feebly burn 
mixture only of carbonic oxide gas and air, whilst in the I 
nace itself, for want of a due supply of air through the gr 
tliere may be very little heat or flame produced. Th 
however, are exceptional eases ; but where the ordinary o 
firing, instead of dose firing or " charging," as the destnic 
system of heavy firing is very properly, though innocen 
called by its advocates, is used, and there is a free euppl; 
air (where only it ought to be) through the five grate, the fli 
from common coal, if well spread out in a thin sheet ags 
the boiler bottom by means of properly- constructed brid, 
will ordinarily be expended in about twice the length of 
furnace. 

In accordance with these and other leasona before gii 
I have always preferred having as much of the boiler hot 
as possible exposed io the furnace to the direct action of 
fire and flame. 

The proper area of heating surface to the fire grate b» 
now determined upon, with a proportional space for the fli 
to develope itself in, the question next to be decided 
whether it is better to obtain that surface in as eompa 
space as possible, in the immediate vicinity of the fire gr 
w ij^fljeans of compai-atively long wMiQ-wftMea, either wiiM 
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^^t etherwise. That the first ia infiuitely to be preferred 
Cbe latter arrongemeut is eo obvious, that it appears etrangt 
how a contrary practice could have crept into use. 

As a general principle, then, in the cocstruotion of boilers, 
wa must Bolect that form which gives the proper quantity of 
heating Burface along with the greatest capacity as well as 
strength for the quantity of material employed, aud withal 
comprised in as compact a space about the fire-place as 
possible. The three last conditions would lead ua to prefer 
the apherical form, and if it were absolutely necessary to have 
the furnace within the boiler, a form approaching to this might 
still be the best, as in the Sre boxes of some locomotiTB 
engines. The old-fashioned " hajstack " boiler is also a near 
approach to tiia shape, and up to a certain size it ia yet, 
perhflpa, as good as any when well made. 

The next in degree for simplicity of form is the horizontal 
cylinder, and it ia almost a necessary requisite, to ensure th« 
greatest strength and perfeotion of workmanship, that it ho 
made without any inside flue. This form of boiler admits of 
a fire grate underneath it of its full width ; aud, if set up 
without external side flues, and by means of proper bridges, 
the flame may be made to envelope nearly the whole of the 
lower half of its external surface very advantageously. There 
is. however, an admitted difbculty in adapting tho fire upon a 
layel grate, so as to act uniformly against the convex boiler 
bottom ; but their greatest faults have arisen from imperfect 
methods of setting, being commonly set np with side fluoH, 
like wagon boilers, to which, unless of very large diameter, 
their form is not at all adapted. 
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Section 24. — ExrEniuEsiAi. Proofs ik Favour of Shobt 
Boilers. 

Whether there is anything to be gained by making a boiler 
of greater length than four times the \en^\.\v ol 'Oaei t^^ ^j^S*^ 
conditions being the same, there Va.'^ft \jfee,ti ■s«rj 1 
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experiments on a lorge scale to determine. The only a 
which the resiilt has been published bearing in some degr 
upon the question, ia one by Mr. Stephenson, of which boh 
account is given in Mr. Nicholas Wood's work ou Railroac 
The experiment was made with a boiler similar to that of t 
RocJset locomotive, when the fact of the very much great 
evaporating power of the fire box, per unit of surface, than 
the rest of the boiler containing the tubes, was decided 
proved ; and the difference found to be so very considerab 
about 3 to I, that it had great influence in producing t 
present practice of making locomotives with very large fi 
boses, and which has proved to be so eminently successful. 
M. Paml>our regrets that such experiments had not be 
more frequently made, and without which he appears to thi 
it a diiEcult matter to settle the true theory of the locomoli 
engine. This was not surprising a dozen years ago, when ! 
Pambour's own disinterested and valuable experiments vi 
made on the Liverpool and Manchester Railway. But, i 
portant as such additional experiments would be, I beli( 
they are still a desideratum so fur as the locomotive ia e< 
cemed. This is perhaps neither the century nor the coun 
for carrying out such experiments, unless some direct practi 
benefit resulted to some one monopolist or monopolizing cc 
pany. The proper length of a boiler is not patentable, oth 
wise it would have been found out long ago. The fact is, t! 
private individuals cannot undertake the expense of ex 
riments on a large scale, and many shrink from the labour 
Even with respect to the ordinaiy factory boiler, it is 
very easy matter to induce manufacturers to try experime 
of any kind. Although I have for many years urged on ih 
the importance of settling this particular subject of leng 
when about to order new boilers, I have never succeeded, c 
partially, except with two or three who took some few at 
towards it. I never made but one direct experiment to t 
end, which was necessarily on a small scale, of which I p 
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^^kl open-topped boiler divided by water-tiglit partitions trans- 
Tersely into four equal diviaioos, each nearly filled with an 
equal quantity of water ; a coal fire waa made upon a square fire 
grate, underneath, and close to, one end, of exactly oixe-aixth 
the length of the boiler ; the coal was supplied in the usual 
raanner by hand, and each division of the hoiler was similarly 
supplied with water. It was then found tlmt the proportional 
quantities of water evaporated in the first and second divisiona 
were something like those in Mr. Sleplienson's experiment ; 
but in tlie third division the evaporation was still more 
greatly diminished ; and in the fourth it was practically 
nothing, or so small as scarcely to Lear any comparison to 
the whole. 

The result of this experiment was sufficient to determine — 
what it has since been my uniform practice to recommend — 
that the length of boilers need not in any case exceed six 
times their width or diameter ; supposing the latter to deter- 
mine the size of the square fire grate. This advice has been 
extensively acted on for many years with unifoi'm success, 
In one instance, where some plain cylindrical boilers, equal 
to six and seven diameters in length, were found to be about 
as economical as any other kind previously used, other boilers 
have been made for the same works successively, equal X.o jive 
and Jow diameters, with equal if not increasing economy in 
fuel. In this instance I am of course speaking of boilers with 
direct draft, and no internal flues nor flues of any kind. 

When a cylindrical lioilev is large enough in diameter to 
allow of its being set up with winding fluea or a wheel draft, 
of course its length may then be advantageously reduced to 
the same proportion, or nearly, as in wagon boilers that are 
set up in the same manner, or to about Jour times their 
diameter. 

This, however, is a method of setting cylindrical boilers 
which is decidedly objectionable. Por unless the boiler is 
5 to feet in diameter, or u'pwaiia, xke waNl«\% -si&a, '-os. 
9 generally encroacli too mac\i. li-^vow *&* xv's.w 
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mdth of the (ire grate ; or, if the furaaoe ftnd fire gnWl 
made sufficientlj' wide, tbeu the side Qaea vi\l be found too 
email for the draft or for convenient cleaning, unless the 
brickwork is gathered in above the central line of the boiler, 
thus making the side surface almost useless as effective heat- 
ing Burface. Besides, this small space for the side flues often 
induoea the bricklayer to cover in the flues nearer to the 
iTBter level than is prudent, and then it is pregnant with 
danger, from the greater liability of the water occasionally 
getting too low. 

Section 95.— Pkopoktionino Length to Quality of Coal, 
Wben a oylindriool boiler has oa inside flue tube, and is 
set up with a split draft, aa described ia sec. 5 (p. 10), then 
the above objections do not so fullj apply ; because the smoke 
being then divided into two currents, the side flues only 
require to be half the area of the former. In this case, on 
account of the inside tube, the boiler cannot be coaveniently 
less than 5 feet in diameter, and it need not be more than 
about 3^ diameters in length. Thus a boiler of tliis diameter 
may be 17J, say 18, feet long, and, with an inside flue tube of 
3 feet diameter, will have about fi2 square yards of eilective 
beating surface, and with 22 square feet of Are gtate, say 4 
feet wide by 5j long, will bo a QS-horse boiler; as appears 
by the following example of the calculation, according to the 
formula for the short-slide rule (at page 13); only instead of 
using Mr. Hick's divisor of 5^, use 5'73 for a gauge point, aa 
recommended at page 23, whicii gives the number of ai^uarg 
yards of effective heating surface, thus : — ^^_ 

A I Gauge Point =^5'73 | J =6 +8= 7 ^H 
a I sq. yards = 22 j Length = IS ^^| 
The above is for Lancashire or any other inferior mB^ 
requiring a square foot of grate bar per horse power. If m 
Bupenor guslity, say Newcastle coal, requiring only Jtha of a 
fUATB foot per horse be used, tlie ^wet ol 'iXo^wiiMNfiV^B^ 
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WnaiD the same ; but to prevent undue ^aate of heat it is 
then oalj necessary to reduce the length of the grete in 
the proportion of 4 to 3, or from &i feet to little raoro than 
4. It is, therefore, necessary to bear in mind that the mica 
given above for regulating the length of boilera relate ex- 
clusively lo the practice with Lancashire coal, and low pres- 
sure, stationary, or factory engines, and that wliere better 
coal is used the grate need not bo so wide, and the diameter 
of the boiler may be proportionally reduced, which ivould 
make it more suitable for iiigh presauve. But in this par- 
ticulfti- case it is preferable that the boiler should be extended 
in length, rather than diminished in diameter; which would 
leave too little room for the Que tube, and alter the character 
of the boiler. 

Taking the above example, for instance, and adapting the 
eh&pe of the boiler to Newcastle coal, it must be lengthened 
|rd, thereby making it 4^ diameters instead of 3^ dia- 
meters long, say about '^4 feet instead of 18 as before, 
the heating surface being of course increased exactly in the 
same proportion, or from SS to liS'S square yards ; which last 
Dumber is the number of nominal horses' power the holier 
would now be equal to, if fired irith Newcastle coal upon the 
first-mentioned grate of il'i square feet, or f square foot per 

While making use of the above examples in illustrating thfc J 

subject of lengthening boilers, it must be observed that any 

comparative experiment made with boilera of the precise 

dimensions here given would not be a fair one ; because, 

accurately speaking, the Que tube in the last example ought 

to be enlarged in its cross sectional area from 4 to 61^ circular 

feet, or in proportion as the power of the boiler is increased ; 

that ia, from 2 to 2-3 feet in diameter, supposing the same 

I i^ad of coal used. This would increase the power as follows : — 

^m A. I G. F. = 5 73 I rf = a + 23 = 7-3 

^L^ a i H. p. = 30i \ XftB^'Ca = 'ii^ 

^^H|^^0 SO^borse power. The ea\B.T^e&&\u^M 
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also alter the proportious of water and steam r 

for which a separate steam chamber should always bo oa 

trived. 

Wlien a flued boiler, either cylindrical or wagon-shaped, h 
the uptake inside the boiler, as in Boulton and Watt's boil 
(fig. 6), which is an excellent arrangement, so that a portion 
the flame may occasionally pass into the tube instead of beii 
expended against the brickwork, the length of the boiler w 
then admit of being reduced to about three times its width 
diameter. This, in fact, is the esact proportion of ma: 
factory boilers of both kinds, thus set up with a split a 
that have been found to be exceedingly economical. 
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III Cornish and Butterly boilers, both of which have the E 
,0 pass through the inside flue tube first, when this fl 
goes ijuite through to the end of the boiler, I have not fou 
them to be quite so economical if made much less than Jo 
diameters in length; and this would eeem to agree wi 
the best practice in Comwal!, where, from long experiea 
exclusively confined to one kind of boilers, there can 
> doubt that the maximum economical results have lo 
■go been arrived at, and that is when the boilers are not mc 
than SIX diameters long ; the average of about 30 boili 
in two of the best-conducted mines in Comivall being lit 
re than 5j diameters long*. Allowing for the super 
quality of the Welsh coal used in Cornwall, which is probal 
from 20 to 40 per cent, better than the common coal us 

* I nm gtad to be eoablud to mnke this Btaletn^nt froio infonnetion kin 
fiirnuhed me by one of the iint Balhoritiea in Connrall, and the more 
from the circnniBlantB of having inadverten IJ j admitled into my former w< 
on what I non' know to be ininfficient Hothoritf, a BlulenicDt to the ef 
that the average conBumplion of coal by alt the ejigines in Cornwall 
about 6 lb". ]wr horse per hour ; an overstateraenl cerlainlj-, bul no 
ihan haa freqiienlly been made by various pablic writers, advocate* 
Cornish ij-etem, wkra lefBrring tn I'be comjaiUn^ GODsunftian of 
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in LflJicashirG, this difference of ^rd in the length of their 
boilers is fairly allocable, and is consistent with the best 
practice in both counties. 

If, however, the firo flu& tube of a Cornish or Butterly 
boiler have a connection with the boiler bottom without goiug 
through the end of the boiler, similar to the uptake of a 
Boulton and Watt boiler, which in this case may he called the 
Jown-Uike, then the length of the boiJer may be very advan- 
tageoualy reduced to three and a half diameter». There are 
some Butterly boilers now working in Manchester of this kind, 
which I purposely designed in this proportion in preference to 
a. greater length, being 8 feet diameter by 28 long, and they 
have never been exceeded in economy. These boilers were 
feet deep, being oval in their trauaverse section ; but there 
are many in that district of the same proportion, but circular, 
which is preferable for high pressure, say of 8| feet diameter 
and 30 feet long, that are equally economical. Boilers in 
this proportion and of these dimensions, with a " take-down" 
inside, and set up with a split draft, if supplied with fuel by 
firing machines, and no stoking, are usually found to unite 
all the qualities of a good boiler that can be wished except 
one, aud that is they make more smoke than those whose 
furnaces are more completely surrounded with brickwork, 
which is a difficulty that seems almost inseparable from all 
siugle furnaces in boilers that generate steam very rapidly, 
and is partly to he ascribed to the consequent rapid abstrac- 
tbn of heat from the fuel. 

Excepting the wagon-shape Boulton and Watt boiler, which 
is inadmissible except for low pressures, the above'described 
Bntlerly boilers, when working to the greatest extent of their 
power, are certainly amongst the most economical boilers, 
taking both fuel and first cost, that are to be met with in the 
cotton factories. They are not so well calculated for very 
high pressure as the Cornish, but usefully occupy an inter- 
mediate position between them aud the -Ha^ftu-^taa^. '^\w^ 
iuva been in very general use duriivg One. \w,\i \JMV^ 
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I the greatest number of them have been made somvvi^lfr 

I shorter in proportion than the above, which maj therefore b4 

I taken as affording a safe guide iu practice. 

' From the consideration that the above remarks, together 
with the obaervBtions heretofore made, point out the proper 
limits in practice for all kinds of stiitionarj boilers aa respects 
length, I have drawn up the following sumnmry of tha 
principlea involved, in the shape of rules. These rules are 
not meant for the use of the boiler maker solely, whose best 
busiuess often is to make a boiler to Jit any place of any 
shape, but rather for the guidance of the factory architect in 
first setting out and arranging his designs for a building, in 
order to leave room enough for the engineer's plans, which 
architects very seldom do. This remark, it may be observed, 
might not inaptly be extended to some naval as well as feictoiy 
architects, who undertake to design steam ships without 
bestowing a proper thought about the boilers, ^^— 

SBcnoit 27,— GcKEBAL Holes for FBOFOHTioiuKa X^^H 

LeNQXH of BoILEBS fob STAItONAill EKOIHEa. ^^H 

EnLE 1. — A plain cj-lindi'ieal boiler, without any insida flu» 
tube, and hung on what is sometimes called the " oven plan," 
that is with a direct draft passing from the fire-place directly 
under the bottom of the boiler to the vent or chimney, and 
without return flues of any kind, need not exceed in length 
no.' times its diameter; and it ought not to exceed six times 
the square root of the area of the fire grate in feet if worked 
with Lancashire, Derbyshire, or Yorkshire coal, which is 
equivalent to six times the square root of tlie nominal horse 
power of the engine in feet. And if worked with the best 
Kewcastle coal, the boiler need not be more than about 8 
diameters long, and ought not to exceed S times the square 
root of the area of the fire grate in feet, which is equivalent 
to 8 times the square root of fths of the nominal horse power 
of the engine in feet; and in any case it never ought to exceed 
^ feet in diameter. • <■ ■■ » •^ ^^^ 



E, 9.' — A boiler without way inside flue tubs, aud set up ^H 
n me common nay, with external brick flues aud a wheel 
draft, need not be more than about four diameters long, and 
ought not to exceed in length i times the square root of the 
area of the flre grate in feet for Lancashire coal. If worked 
with Newcastle coal, it ought not to be more than about 
5 diameters long, and need not exceed in length 6 times the 
square root of the area of the fire grate in feet; and in either ^m 
caae, whether a wagon or a cylindrical boiler, it never ought ^H 
to be more than 6, nor less than 4 feet in diameter. ^^ 

Rule 3. — If a boiler contains one or more inside Sue tubea, ^* 
passing quite through it, and is to be set up with a split draft, 
it need not be more than about 3i diameters long, and ought 
not to be longer than a^ times the square root of the area of 
the fire grate in feet for Laucasliire coal ; and if worked with 
Kewcaetle coal, it need not be more than about 4| diameters 
long, and ought not to exceed i^ times the square root of tha ^^ 
area of the fire grate in feet ; and never he leas than 5 feet ia ^H 
diameter, ^H 

Rule 4. — When a boiler contains one or more internal flos ^H 
tubes, with an inside uptake or connection with the boiler 
bottom, as in Boulton and Watt's, or as in the marina 
"tubular" and other multiflue boilers, the length of the 
boiler need not be more than about three times its diameter 
with Lancashire coal, and ought not to esceed in length 3 
timea the square root of the area of the lire grate in feet ; but 
with Newcastle cool its length in feet may be equal to 4 timsi ^H 
the square root of the area of the grate, and need not be mors ^H 
than about 4 times the diameter of the boiler, ^^t 

RuT.E 5. — Cornish boilers and Butterly boilers, set up ia 
the best manner, with split draft, and using I^ucasbire coal, 
need not be more than about 3^ and 4 diameters long re- 
flpectiveSy ; and if using the best coal, they ought not to be 
more than 5^ and 6 diameters long. 

Boilers wLose dimensions are ■pTopotUoTifei-«\'Ciiva.*Sc\«.\ws*^ 
^mUd IB tbe above practical rtilQB, iaoY« %^«<r<:£\'^ "OnsAA 
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cated bj tlie three last, are mostly the beat to be found of j| 
kiod ill the man ufaclu ring and midland counties. 

The manner of hanging boilers, to which the first n 
relates, is yet generally confiued to some country places, wlit 
inferior workmanship only can easily be obtained, and wht 
the space occupied by the greater length of the boiler 
not of much value ; consequently the data for this rule ha 
not perhaps been quite so exactly determined as may 1 
There are reasons for supposing that the directdraft cylinc 
boiler may be made considerably shorter than the proporti 
of 6 to 1, as stated in Eule 1, if the Are could be equally w 
arranged as in the wagon boiler, the concave bottom of whi 
is admirably adapted to this purpose, because the middle 
the grate, where the heat is the most intense, is at the great 
distance below the boiler bottom, while the latter gradua 
approaches nearer to the grate at the sides of the fuimace, b 
thus tends to equalize the action of the fire against the boil 
The bottom of the cylindrical boiler being convex downwar 
the action of the fire is of course exactly the reverae of I 
above. To say nothing of the injury done to the boiler pla 
on this account, there requires to he a greater average distai 
between the grate and the boiler bottom ; this again requi 
a. greater quantity of coat in the furnace, which impedes 
draft and renders stoking necessary, thus causing the flame 
be occasionally extended in length; and although such urn 
length of flame cannot be kept up continuously with t 
degree of economy, it has given rise to a notuml thoi 
unfounded prejudice against this mode of setting a boi 
often expressed in the observation that " all the heat goM 
the chimney." Erroneous as the idea is that gives rise Ml 
very common remark, it is not a little strengthened faj^ 
fact that the temperature of the chimney is always verf ifl 
greater with a direct draft than it is where winding btiek It 
are used, which may be considered only os a portion of 
cbitaney ifing borizontaUy, the Btt-^ifi.w.ov),5 Iteat in whici 
hing no good, and Is reaVly " wBa^e Veai," l«Ta •Coa ^ 



iud trouble it occasions; whereas wiien tliia 
waste heat is allowed to go freelj up the vertical shaft of the 
(■himuey, it really becomes of great use in increasing the 
ascensional force of the current, thus improving the draft and 
enabling the boiler to be worked generally with the damper 
nearly closed, as all eteam-cngine boilers ought to be worked. 

Section 28. — Boilers on the Oven Pijin liable to Ex- 
plosion FfiOM s 



When a boiler Is set up or " hung " with a direct draft, as 
described in Rule 1, it is very commonly but erroneously said 
lo be on the " oven plan," which designation ought to be con- 
fined to those only where the flame is caused to pass wholly 
or partially over the top of the boiler, although they have 
generally a direct draft also. The use of such plans, however, 
cannot be too much reprehended as pregnant with danger, 
from surcharging the steam with heat, and thereby becoming 
liable to explosion. Few, however, if any, are now set up in 
timt way ; but I cannot help thinking that some of the other- 
wise unaccounted for explosions which have occurred of late 
years have been owing to a similar cause. 

Surcharged steam may be produced in a boiler without the 
lutter being exactly on the oven plan, and I have not the least 
doubt that it is frequently, if not constantly, so produced in 
cylindrical boilers that have the side flues carried up con- 
siderably above tlie level of the centre of the boiler. 

Although out of place to treat on explosions in this chapter, 
it is most iinporlaut lo omit no opportunity of inculcating 
caution iu setting up cylindrical boilers with or without side 
flues, if the fire or flue is carried very high up or too near tlie 
water level. It is more especially the case if the boiler is of 
■mall diameter; the flame is then compelled to act strongly 
against the top of the side flues, thus overheating the brick- 
work, and reverberating partially above the convex sides of the 
boiler, having only a slight effect in genenitLu^ ateaca. 

lould, however, the water level YiajigBTv asaiiiKn.'ys&.'s 'w*^ 
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only a single inch below the top of the floe, we 1 
vrell how rapidlj the Gteam would become sarcharggd 
heat, flltbough, perlmpa, no very great addition to the p 
would be indicated by the ateaco gauge. 

There is no doubt whatever, in my mmd, that in BOi 
boiler, even without supposing the water to fall helov 
proper level, the eteam is constantly being surcharged, owii 
the boiler plates, in the upper part of the flues, being in i 
an unfaTourable position for transmitting the heat to the v 
partially below them, at the place where the greatest hei 
always found. There must be a particular liability b), 
accumulation of surcharged steam where the boilers a 
covered with brickwork or other bad- conducting e 
The heat imparted to the iron is thus in a manner 
escaping in any other way than by conduction up into 
steam chamber and Burcharging the steam. This procei 
heating the steara will go on at a slower rate certainly, 
not less surely, than if the water had been for a short I 
too low. 

Now, supposing thia over-heating of the steam and the 
of the boiler to occur from either of the above causes, it 
the engine is at work it is not perhaps likely that smjA 
particular will be observed to ensue, unless, probabMl 
burning of the clothing or other covering of the boiler, m 
let us examine the matter when the engine has been StaM 
for somo time, or ichett just about to Hart after (Af^ 
gelling tip of the s/eam, and we shall find a very diffei 
state of things, the consequences of which, if only leadini 
the slightest probability of resulting in an explosion, are 
serioua to be passed over without great consideration. 

We may suppose then that the steam chamber has bem 
filled with over-heated or surcharged steam from any ca 
whatever, whilst the top of the boiler is also in the condit 
already described, that is, exposed to a temperature of 
Jrom 350° to 400° ; which supposilion ia <\uite consistent w 
iia fact that the great bulk oi tlia ^9*wc m iiv« \«i^K»A 



be Rt the aame time coitBiderably below ths common boiling 
poiut, And although tbis last assumed fact is. perhaps, only 
of rare occurrence in boilers which have their flres under- 
neath them, it cannot be too widely linoiTn, that in all etation- 
ary boilers which have interaal furnaces it is not only of fra- 
quent occurrence, but it is a common observBtion of most 
practical engineers and workmen, that at the firat getting up 
of the steam from cold water in a boiler of this deaoription, 
with the safety valve and all other outlets of the boiler closed, 
the water at the tower part of the boiler is often guite eold, 
whilst there ia a pressure in the boiler of 10 or 30 Iba. on 
the square inch. 

From what we know of the very elow conducting power of 
water for heat downwarda, if some special meana of providing 
for its due circulation be not used, it is quite conceivable that 
a compaTEtively thin film, only of the surface of the water 
will correspond in temperature with the surcharged steam, in 
the esse we have supposed, decreasing in some rapid raldo 
downwards to the level of the furnace. It is also evident 
that whilst the surface of the water remains perfectly still 
and undisturbed, this state of things may continue for some 
time, say for several minutes, while the super-heated eondition 
of the upper part of the flues and the top of the boiler will 
go on increasing more or less rapidly, according to the extent 
of the flame that is kept up, coromuuioating & correspondingly 
elevated temperature to the already surcharged steam, 
out adding very much to its quantity or pressure. The evft* 
poration from the surface of the water will, at the same timot 
be also going on, slowly perhaps, but gradually increasing, at 
a rate which will then be in proportion to the auperficial 
extent of the water surface, and the heat of the Bteam ia> 
oombent upon that surface. 

As my object in thus tracing the proximate causes concerned 
in producing the dangerous consequences that may ensue is 
for the purpose of suggesting the mesna ol ■^x«\wv\S.«ft,\'v.'^^ 
^^Ave asefal to observe that, whfttBVW iQft.'j Ve'ii^^V 
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«f tlio steam duo to the actual evaporation flt tbia stage of tlie 
process, it will be nearly doubled by tbe heat of tho eteam 
chamber, supposing the latter to have arrived at about 4ilO''i 
which ja still under the temperature that would leave auy 
permanent traces of ils existence on the metal, the lowest 
temperature that givea the first discolouration to iroa (a 
Btraw colour) being about 430°. Now, excepting by the 
UiermometeT, there is only one other means of giving the 
fireman any ready indication or euspicion of there being 
anything wrong about tlie boiler ; and rough and un- 
certain as that indication is, it is always sufficient to 
create alarm, and induce him to talte some instant precau- 
tionary step ; and whether that step be properly or 
improperly taken will make all the difference between 
hastening and preventing the catastrophe of blowing up the 
boiler. The indication I ant alluding to may be thuB 
described : — whenever a fireman finds that, ou getting up 
the st«am previous to starting an engine, more particularly 
after a boiler has been at rest and refilled with cold water, 
that the pressure rises to a certain height in about half the 
time that has usually been the case previously ; or if, after 
firing a certain time, and consulting bis steam gauge, he finds 
that the steam has run up to 10 or 20 Ibe. pressure, instead 
of 5 or 10 lbs. as he expected, in the same time, nad if the 
man has been accustomed to the same boiler, and is assured 
tiiere is no unusual circumstances, of draft or otherwise, to 
account for the difference, then he may be almost certain that 
there is surcharged steam in the boiler. 

Now an idle or a careless stoker might not perhaps notice 
the circumstance just described so long as the required pres- 
sure is not reached which the safety valve is loaded to blow 
off at ; which is the case no doubt very frequently, and the 
circumstance is thus passed over withuut danger or the sus- 
picion of danger. But what is the step that a careful, and 
still more a timid, man would be likely to take at such a time? 

all probability, if the means wete at \\b.iiA, Ub \i(iM.lil ai 



" feel " or lift the safety valve ; and wliat is the consequence 
that would be most likely to follow? In the case we have 
Bupposed it certainly would not be safely, hut danger, and 
very possibly immediate destruction ; for when a safety valve 
of any considerable area is thrown tuddenli/ wide open, there 
is always a sudden rush of water, or rather water and steam 
mixed, to the opening. This is well known to occur uni- 
Tersally under such circumstances, and I have more than once 
uea it parposely exhibited by foolhardy eugineera, by n-ay of 
Uivttraling the nature of priming, as priming in fact it 19, at 
die safety valve instead of into the cylinder. 

We need not, however, suppose that this is exactly the 
fxniree taken in the case under consideration ; for a rery 
careful man would perhaps only ease the safety valve gently 
on its seat; and if it was in a cotton mill or other factory 
requiring to be heated by steam, the almost certain course he 
would take would be to let the steam into the pipes for that 
purpose ; and whether he opeus the communication suddenly 
or slowly, tie effect produced is that the surface of the water 
is simultaneously relieved from a portion of the pressure, and 
iu consequence of being so relieved the water immediately 
commences boiling, not so violently perhaps on the instant, 
but aufiicieutly so to change it from its hitherto quiescent 
condition to a state of active circulation at least, if not of 
actual ebullilion at the surface. Xow this or any other rfis- 
tnrliance of the surfcu-e of the water, starting the engine for 
infitflnce. will rapidly supply the surcharged steam with its 
full complement of water, that being all that is wanted to cause 
the pressure to mount up suddenly from 90 to 200 or 3(10 lbs., 
perhaps in b few seconds, or to such pressure as is due to 
tlie final temperature of the steam when fully saturated with 
water, the dry surcharged or desiccated steam, as it may be 
called, suddenly becoming ordinary steam of somewhat less 
temperature, but enormously increased in densityand pressure, 
with what effect on the boiler of course Ae'gctiia bm'Ows^.'j "o 
the straJu it ia capable of bearing witiwat xxi-^lMXft. 
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Supposing tlie iron to have arrived at about 400* Fahr., 
iallj saturated steam in contact n'ith it will assume a pressure 
of about 315 lbs. per square inch above the atmosphere, a 
pressure quite equal to account for many of the disastrous 
explosions vie have on record. 

Without going farther into the subject in this place, if I 
have not made it appear very probable that explosions some- 
times do take place from the cause stated, I trust that the 
fOiiUnlity of their doing so is sufBciently evident, which is all 
that was intended ; for there are many other causes conoemed 
in producing a state of things liable to lead to explosions 
which require to be treated on after we have considered the 
■proper thickness and strength of iron lo nithstand any given 
■traia. My present object is mainly to induce a more con- 
siderate atteniiou being pEud to the subject of properly 
hanging the direct-draft boiler, referred to by Rule 1, so as 
entirely to avoid any even remote possibility of danger arising 
from the causes pointed out. 

With this view, also, the following figures (10 and 11) ar« 
given to illustrate the method I have long recommended and 
practised of setting up boilers of this kind ; and although they 
amount to some hundreds, I liave never yet heard of ono that 
haa exploded. I may also conclude ivith reiterating tha 
caution which it was my object to urge at. the commencement 
of this aectiou, namely, that tktjiame skmdd never h» aUowfi 
to act agaimt tlie tides of a cylindrical boiler above the level <^ 
itM centre, much less above the level of the water. 

Section 29. — Fina and Flame Bhidgks, 
It is very important that all boilers of any consideraU* 
length, and particularly when erected on the direct-draft pUfi, 
should be provided with several flame bridges under theill, 
commonly called " c/iecfr bridges," but perhaps improperly SO, 
from the supposition that their proper office was only to check 
or impede the too rapid current of hot nir and flame in thai 
mpassage to the chimney, and cQn&ei\u.t>a\\'^Xote'<Ko\i\vft hai||^ 
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Fig. 10. 




iCs longer under the boiler irhioli they certnialy do quite 
eSectimliy as causing tlie Bmoke to travel througli long, 
rrow tflituoiis Hues Tbis however, is the leaat important 
rpose they eubsene 

The abo%e, fig. 10, la a transverse section of one of a num- 
f of boiiera which were erected by a firm in Mancliester 
feral years ago, all of which are jet in work, showing how 
; boiler is hung upon cast-iron brackets, riveted to the boiler 
jttle above its centre, and resting by broad flanges on the 
] of tLe side walls. 

This boiler was purposely chosen of this simple and what 
ly be called rudimentary plan, and put up in the cheapest 
d eimplest msnner with a direct draft, so that, any alterations 
improvements that it might have been found expedient to 
ike, either in the setting or the construction of the boiler, 
gbt be in the shape of additions merely, and therefom 
[jttble of being separately proved, both as to first cost and 
:ub1 worth ; and also that observations might be made upon 
(or a eufficient length of time, without the liabihty of error 
her from complication of construction or from jnterniptiona 
ing to the necessity of stopping to clean out the flues or 
i«mis«. It was thus made to anawet \iie ■^XH^w-a "A ^.-wwi 
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boiier, in order to guide the firm to irhicli it belonged b 
choice of the liind of boilers to adopt in the erection of boi 
new works. 

One of the florae bridges is shown in elevation in the pi 
ceding figure (fig, 10). It is an inverted arch, 5 inches fn 
the boiler bottom, and equally distant all round. Too mu 
attention cannot be paid to the proper construction of iht 
bridges ; for neglect in this matter has always been the cat 
of any great waste of fuel that has ensued on putting up 
direct-draft boiler. If too great a space ia left above them, 
is almost as bod as if the bridges were left out altogether ; 
then the flame is apt to divide itself iuto two currents, one 
each side of the boiler, and thus run off to the chimney wii 
out taking much effect upon the boiler bottom. 

I believe I was the flrst to design boilers with several fla' 
bridges of this description, at least to publish an account 
them, and urge their general adoption as an absolutely essi 
tiol requisite to all boilers set up on tlie direct-draft pV 
which I did on the ground that their proper office is prin 
pally for the pui'pose of spreading the flame and healed 
around the conve.Y heating surface, so as to complet 
envelope the lower half of the boilers in a stratum of fla 
of comparatively equal thickness or uniformity. 

Similar observations may be made with regard to the I 
bridge represented in fig. 1 1. It is too frequently built 
bricklayers in the form of a horizontal wall of very Hi 
elevation at the end of the fire grate, in evident ignorancf 
what the proper functions of a boiler bridge consbt, and ai 
also evidenced by the name of "s(op," or "fire stop," tha 
commonly given to this bridge, from the supposition that 
only use could be to prevent the stoker from poshing the cc 
over the end of the fire grate. Its most important obji 
however, is, like that of the flame bridge, to act i 
the current of flame and gas to flow over. 

The top of this fire bridge is described by a circl«<d 




e radiua as the boiler, at about 10 inches below the boilet- ' 
bottotHi 89 ahowii in the above drawing, which is a vertical 
section of the furnace across the back eud of the Sre grate on , 
Bl Bcale of itii of an inch to a foot. This fire bridge reclines 
backwards, with a batter of about 6 inches in the middle, 
dimiaiahing to each side of the furnace, where the upper part 
of each wing of the bridge is vertical. 
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I) tlic propel ThickaoM and 8treagih of Boilera foi DuMbilitjr itnd 
wilL EiBmples of actual casci. 
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Section 30. — Pkaotical Limits to the TmcKKESs or 
KivETTED Boiler Plates. 

Xhb proper strength of boilers, to enable them to withstand 
witli safety the required pressure of the ateum is a matter of 
nth Tery great importance as regards to\.\i\M& wA-^^fs^TS.-^. 
and the responsibility of the proprvetQxa ks'W^ aa'&is. 
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stmctors of hoilera are consequently of so gi-ave a character, 
Bs might well justify the devotion of a much larger space to 
this subject, even in a rudimentary treatise. Happily, however, 
the principles on which the strength of all boilers depend 
are comprised in a very narrow compass, and, of whatever 
material the boiler is made, may be stated in few words, the 
strength being directly as the thickness of tbe metal and in- 
versely as the diameter of the boiler. 

So long as boilers continue to be made by hand labour, and 
the quality of iron remains what it is, the thickness of the 
■wrought-iron plates of which th'ey are constructed is also prac- 
tically determined within exceedingly narrow limits. A good 
boiler cannot be so made less than a quarter of an inch nor 
much more thsn half an inch in thickness. 

Some of the beat operative Staffordshire boiler makers 
are known to be even disposed to narrow these practical 
limits still more, or to ^'g and /^, and do not hesitate to de- 
clare that with the average of workmen the proper thickness 
of boiler plates must be confined between a quarter of an inch, 
frhich cannot he proper}// caiUked, and half an inch, which 
cannot be properly rivelted. 

Without wishing to contravene this opinion, so iar as the 
inferior limit is placed, it is very probable that the other 
and more important limit may he extended to half an inch or 
^ with the partial assistance of the rivetling machine, com- 
bined with pi-operly paid and therefore superior hand labour. 
It is admitted that |-inch plates can now be belter rivetted 
by the rivetting machine than ^ inch can be done by liand. 
Useful, however, as is the rivetting machine, and important 
a part as that invention is yet destined to play in the history 
of boiler making, ship building, and bridtie building, even 
little and apparently insignificant a step as it is beyond the 
maker's punching engine, it has already done wonders ; 
but it is yet only calculated for plain work, or large tubes. 
iJmre notj-et got a machine tluvt will go through the man- 
' dose up the end of a boUer. ^^ 
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^^^ Admitting tlie practical data contained in the foregoing 6b- 
Bervatioaa, which 1 am compelled to do after a recent esamina- 
tioH of numerous hoilers in Staffordshire and the other iron 
counties, where it is common enough to And many of the re- 
prehensihle practices meutioned in Section 11 (p. 36) still 
prevailing — n-e liave scarcely any choice left but to fix on 
either f or -j'^ iuch plates, as the thickness at which we shall 
most probably continue to get the best boilers made by hand. 
Taking everything into consideration, in answer to the fre- 
quent question of the best thickness, I usually say without 
hesitation -^-g for Staffordshire and ^ for the best Yorkshire 
plates, may be fixed on, as it is generally allowed there is 
that proportionate difference in the strength of the two irons ; 
and with the assistance of the ri vetting machine the maximum 
thickness may soon be extended to -^g of an inch. 

In recommending f iron generally, say for high-pressure 
boilers of small and low-pressure boilers of large diameter, 
as the least thickness that ought to be permitted for the shell 
of any kind of boiler whatever, there are other reasons besides 
its being the ordinary thickness for securing the best work- 
manship, — the principal one, in my estimation, beiug tirnt, 
owing to its being so much used, we know well what it will 
bear. We know for instance that a locomotive boiler of 
-fg thick and over 3 feet in diameter, will hear a working 
pressure of 80 to 100 lbs. per square inch. I have also seen 
B boiler of 10 feet diameter and f thick, tested with a cold- 
water pressure of nearly 100 lbs. per square inch, which gave 
no indication of weakness, although I would veiy much doubt 
the prudence of working such a boiler at 50 lbs., and more so 
after its being tested to that extent than before. 

It is very commouly stated that hoilers should be tested 
to three times their intended working pressure; double pres- 
sure is, however, quite ample, at least for high-pressure 
boilers, but there ought to he no ]eakagt;s at that pressure. 
Some also recomraend the proprielj o! veai^va^ ■&%'« \iw&«ci. 
in the first instance at Icnat, wiih alt maleai ol -nMXet y^' 
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I end, as it is quite as important to have the seama as nell 
\ esulked iuside as out, the use of air instead of water would 
i^ve Home practical facilities for that pttrpose. 

.Bection 31. — Rules for proportioning the Stbenoth to 
I THE Pbessdre and Sihess on the Ibon, 

The tensile strain tliat good wrought iron ia capable of un- 
dergoing without rupture, is so perfectly enoimous that few 
people are able to believe that steam boilers are ever actually- 
burst with the fair pressure of the steam, however great that 
tmy be; operative boiler makers in particular are ull strongly 
jaipressed with this idea, heuce they are all staunch advocates 
of tlie various theories that it is gas, electriciti/, or anything 
tut simple steam, that is concerned in tearing a boiler to 
jieces, Natural as it ia, on witnessing the astounding effects 
produced by the uocoiitrolled power of Bteara, to ascribe them 
to occult, imaginary, and other far-fetched although so-called 
scientific causes, it is very blamable wheu parties, who ought 
to know better, encourage such belief, because it indisposes 
men who have the care of boilers from giving sufficient atten- 
tion to simple palpable facts and circumstances in practice, 
by which, with the aid of a little common arithmetic, it is 
prohable that all the accidents that have hitherto happened to 
steam machinery might easily be explained. 

The usual rule for estimating the pressure that may be 
safely put ou the cylindrical part of a boiler, is to multiply 
the number of pounds per square inch section that you will 
allow the iron to be strained to by the tliickness of the plate in 
inches or fractions of an iuch, and this product divided by the 
internal diameter of tlie boiler in inches, will give the number 
of pounds per square iuch pressure that each side of the boiler 
must bear, in order to Bubjcct the metal to the given strain. 
Or, in fewer words, the separating force of n cylindrical Itoiler 

egaal to double the strength of the iron, the Btr^ U^og 
'i-ae eqaa,Uy on each side. 
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If "we fix on 6000 lbs. per square inch section as tho 
greatest allowable strain that iron should be exposed to, which 
is about ^rd of the maximum strain at which it is liable to 
suffer a permanent derangement of structure, and less than 
i^th of the ultimate strength of the best wrought iron — the 
above rule may be expressed as follows : — 

Rule 1 . — Multiply double the strain allowable on the iron, 
or (2 X 6000 =) 10,000, by the thickness of the boiler plate, 
divide the product by the diameter of the boiler, all in inches, 
and the quotient is the pressure of steam in pounds per 
square inch that the boiler will bear without injury. 

Let s = the strain on the iron in lbs. per square inch section 

t =s the thickness of the plate. 

d = tho diameter of the boiler. 

p = the pressure at Avhich it may be worked. 
Then the equation for the pressure is — 

2s« 

and the general formula for our short slide rule is as follows : — 

A I 2» = 10000 I d = diameter in inches. 
\ ^ s= thickness | p = pressure in lbs. 

Example 1. — Required the pressure of steam at which to 
work a locomotive boiler of 36 inches diameter and -^^ inch 
thick, so that the greatest strain per square inch, sectional 
area, of the iron shall not exceed 5000 lbs. 

A I 2g = 10000 j d = 36 inches, r ^ 
I t = yV = -3125 I p = 86-8 lbs. 

Example 2. — A cylindrical boiler of common Staffordshire 
iron is 6 feet in diameter, and the circular part of the shell 
-/^ inch thick. It is required to find the pressure of steam it 
may be worked at, so that the maximum strain on the iron 
per square inch, sectional area, shall not exceed 3000 lbs. 

In this case the gauge point for l\ie felxeu^^ ^1 'SckaNat^CLSSk 
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S X 3000 = 6000, instead of 10,000, and tbe operation is as 
folloWB : — J 

A I aa = COOO I d = 6 X la ^= 7ii inches. fl 

p I t ^ '3125 I J) = 26 Iba. per square in i:li. ^H 
Example 3. — The above is an actual example in practice of 
a badly-proportioned high-pressure boiler. It ia required to 
find the diameter of a good oue, capable of working at double 
the above pressure, or 50 lbs. per square inch, made of the 
best Staffordsbire plates of the same thickness (f'flthB). but 
able to withstand a strain of 4000 lbs. por square inch, 
sectional area, of metal. ^U 

A I t = -3125 I ;i = 50 lbs. pressure. ^| 

[ as= 80oO~~|~i = 50 inohes~diametwr ^ 
Example 4.— A cylindrical low-pressure boiler ia feet 
diameter aud 20 feet long, made of the best Yorkshire iron 
|ths thick ; what is the pressure it may be worked at in order 
not t^) subject the iron to a greater strain than DOOO lbs. per 
square inch sectional area of the metal; and what is the 
nominal horse power of the boiler with Lancashire coal, the 
boiler containing two inside flue tubes on Mr. Fairbaim'a 
patent construction, each of 3'33 feet iu diameter? 
First, for the required pressure; — 
t A I ag = 10000 I d = 9 X 13 = 108inchB3. M 

D I t = |='3T6 I p =S4'7a lbs. pressure. ^H 

Second operation for the horse power, according to the 
formula, Section 5 [page 13), using 5 for a divisor or gauge 
point, which gives Boulton and Watts proportions, or about 
' 8 square feet of effective heating surface per horse powet>-^^H 
I A I rf = 9 -t- 3-3 + 3'3 = 15'0 feet [ g P = S. ^ B 
I "o| Length = 20 IhT^'M^JH 

When a boiler is to be made of the very beat iron, requiring 
*tbe coe&cieDt for its maximum strain, 2 1, to be £ixed at 
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10,000 as above, it suggests a very simple arithmetical rule 
for finding the thickness for any given pressure, as follows : — 

RULE 2. — Multiply the diameter of the boiler, in inches, by 
the given working pressure in lbs. per square inch ; then the 
4 right-hand figures of the product will represent the proper 
thickness of the boiler plate in decimals of an inch. 

In the last example we have — 

Diameter of boiler . . . 108 inches. 
Pressure per square inch . 35 lbs. 

540 
824 



The required thickness = 0*3780 inches. 

The converse of this operation is also useful ; that is, when 

the thickness of the plate is given in decimals of an inch, add 

to it 4 ciphers, and divide by the pressure for the diameter, 

or by the diameter for the pressure, as follows : — 

The given thickness, f = '375 inch. 

( 9)3750-000 with 4 ciphers added. 

Diameter, 108 | ■ ■ ■ » 

U 2)416*666 

34*72 lbs. pressure. 



Section 32. — Fairbaibn^s patent Dodble-Flued and 

DOUBLE-FUBNACEO BoiLER. 

The 9-feet cylindrical boiler, in example 4, is an actual case 
in practice of a 60-hor8e boiler, which I designed for driving 
one of Boulton and Watt's 60horse engines at the Hope 
Mills in Manchester, belonging to Messrs. George Clarke and 
Co., in the year 1844, and which was executed by Mr. 
Fairbaim, and put to work the following year with very great 
success, together with another boiler of the same kind of still 
greater proportions, namely, 10 feet diam^t^t «sA ^4. 1<^<^^ 
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long. T»hich liaa been already alluded to {Section 30, p. 99) as 
having been tested to nearly 100 lb, per square inch pressure. 
Either of these boilers are able to work the engine up to 
its full nominal power with very easy hand firing, and, when 
both boilers are working together, still more economically, 
which they have generally done regularly, the engine being 
loaded up to about 145 gross indicated horse power, and using 
ore tlmo lbs. of very inferior coal per indicated horse 

'ing had the advising and designing the proportions of 
these boilers, I need not say they would have been preferred 
longer with the same diameter, but it was compulsory to 
place them in a very circumscribed space of ground in a 
comer of the factory yard, and much against the opinion of 
Mr. Fairboini himself, who had just patented these boilera 
and vrlio did not then approve of a greater diameter than 6 or 
V feet, and reiM mm ended a oiut-h greater lenglb. As veiy 




use in Lan- 
, I make no 
r gi*ii!g thf ilrawii;^ J^g*- ^~ """^ '^^)' showing 
K (enml plan or borijonlal Gectit>n of Uh boiler and flues, as 
H *s k truBt<fs« senioa of the same. 
Ttte pMticulan of the »■&«* boiler an as follow :— The cylin- 
t Aieai ftat of tb» sheU. » veil as ttw flat eoAs of the boiler, 
\ MW ammJ* of JF4K& iNii; U & 9 toA in dJamfiUx ^kj ao faet 
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long, and contains two Que tubes, each 3 feet 4 inches diameter, 
hut rather deeper at the front ends, which contain the two 
fumacea. The flues pass through the water space the whole 
length of the boiler, and are made of plates ^^ thick, or -j^ 
thicker than the shell, except the tops of the furnaces, which 
ore of low moor iron, and only f thick. There is suEBcient 
space between the fluea, i\'hich are 13 inches apart, for a man 
to gel through. The flat ends are braced together os usual, and 
also have four additional obliijue slays at each end, radiating 
to different points of the upper half of the boiler; these, 
together with the two flues in the lower half, pretty weE 
equalize the internal strain on the different parts of the 
boiler. It was intended to work at about 15 or 10 Iba. per 
square inch, therefore it was proved at 30 lbs., that being 
about Jtd of its masimura strength, which it stood without any 
deflexion, and which is only about y^th of the ultimate or 
bursting strength of the boiler. 

Although, as appears by example 4, thia \vaa called a 62- 
borae boiler, it only contained 64 square yards of effective 
Leadng surface ; and it was found to work the most economi- 
cally at about 60 nominal horse power, that is, evaporating 
about 50 cubic feet of water per hour ; the evaporation then 
being at the rate of about 8 lbs. water to one of coal, the coal 
'being one half " Burgey" at about 6s. per ton. 

Ilho above described boilers were the first that were made 
that large size, after Mr. Fairbnim took out a i^ateat fc 
m; and, 03 (heir introductloti lotmei o.'^ftTj \«i\o*!«!SMSiT». 
iie hiatorjr o£ working factorj engiaea \n a. ^tw^Kt •«-*«^'^ 
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' expansively tbrin previously had been usual, I was at some 
pains to investigatE all tbe facta in relation to them. It coay 
be observed that it was only as to the external dimensions, the 
heating surface, and capacity to ensure their efficieocy and 
economy in fuel, that I am accountable for, in these boilers ; 
the tbicknesa of the plates, mode of staying, and consequent 
strength, heing entirely loft to the responsibility of the 

1 maker, who is so well known as an authority in such matters ; 
my only care in this respect heing that, as they were in- 
tended to work under 20 lbs., that pressure should not be 
exceeded, by causing the feed water to be supplied by the 
ordinary open slnnd pipe of about 60 feet high, so that the 
population of the factory, under a portion of ivhich the boilers 

»were placed, should not be dependent on the safety of the 
"safety valve" alone. 
A more particular description of this kind of boiler is given 
ty Mr. Fairbairu himself, in the British Association Reports, 
of 1 844. in which its smoke-consuming qualities are spoken of, 
respecting which it need only bo stated, that in this parlicular 
,i case, as in all other cases, with a good fireman, and a gooJ 
^L Jraft capable of burning up the whole of the coal with little or 
^^Pjio stoking, there is little or no smoke. But although, from the 
^HAhortness of the boiler, in proportion to its diameter, so com- 
^■.pletely opposed to the Cornish system, it was predicted as 
^Busual that " all the lieat tcoiiid go up the cJiimney," Ha genertl 
^^F economy was all that could be wished. And the earliest 
opportunity was taken of comparing its economy with that of 
another boiler of tbe same kind, of the same diameter and 
same size of fiues, but of 28 instead of 20 feet long, for whicb 

»I was requested to make designs for setting up. at amothei 
cotton factory in tho same neighbourhood. This boiler ma 
made by Messrs. John Petrie and Co., of Rochdale, the si 
_ year, and set up to work one of their 40-horse patent e 

aion engines, at Messrs. Hugh, Shaw, and Go's. ; and, wfaoi 
using coal of a similar quality to the former, was found ti 
^^are as noarJy as could he aaceitainci V\\eaaaifi y 
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(Ifaporative ecoaotay, the economy of working with a vai'iaMe 
mount of expansion at this particular engine being the 
Bubject of a aeries of careful exparimenta, whioli were published 
at the time, April, 184S. The facts, honover, in relation to 
the economy of the boiler, which is all that now concerns us, 
were sufficient to show that nothing is to be obtained by 
making a l>oiler of this kind longer than about 3 times its 
^^^iameter, which agrees with the general rules on the subject 
^■|kI down in the last chapter. (Sect. UT.) 
^^JUotwiths tan ding the only conclusive proof lu, all matlera 
^^^^sical, namely, experiment, is without exception in favour 
of the general doctrine I have endeavoured to inculcate in 
respect to the length of boilers, and therefore all mere opinion 
may be safely repudiated, I will venture to state one prac- 
tical man's authority on this subject, whose opinion that the 
current notions of danger of explosion by having boilers of 
large diameter, or of loss of fuel by want of great length, are 
mere prejudices, will not be disputed, when I mention the 
name of my friend, Mr. WilUam Ebworth, O.E., of Preston; 
that gentleman having erected some boilers of this construc- 
tion the same year, at the splendid cotton works of Messrs. 
Horrockses. MUler, and Co., of 24 feet 6 inches in length, 
and not less tlian 10 feet 10 inches diameter, he agreeing 
with me that danger of explosion is more to be dreaded from 
bad materials, bad workmanship, and tmall boilers, which a 
man cannot get properly into, either to make or to clean, and 
keep in repur, than all other causes put together. 

Boilers of 10 feet to IQ feet in diameter, made of the best 
Low moor iron g thick, with the ends ^ inch, and braced with 
J or four longitudinal stays of 2 inches square, may be 
e safely worked up to 30 lbs. per sijuare inch pressure, 
b a certainty that no part of the shell of the boiler at least 
■ exposed to so much as ird 
if bearing without injury. 
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Section 33. — Steenoth and Form of intebnal Flob 
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Ths weakest part of a boiler constructed on Mr. Fairbaim's 
principle, ia undoubtedly the internal furnace or flue tube, 
which ia notoriously liable to suffer from collapse, if made of 
thinner iron than the shell. It is undoubtedly true that the 
Same mathematical law of the stress applies, as shown by 
both Emerson and Tredgold, to the external pressure on the 
fine tube as to the internal pressure against the shell, or that if 
i inch thick is sufficient for a 6-foot shell. J inch is enough 
for a 3-foDt flue to sustain the same pressure, so long as the 
latter retains its true ciTcxdar figure. Unfortunately, however, 
this is an impossible condition in a wrought-iron hoiler, for the 
fine cannot be said to retain a figure which it cannot be made 
■with at first, therefore it has been endeavoured to be met, as 
BQch difficulties too cotntnonly are, by practical men, with a 
oompromise between safely and danger — that is, making the 
thickness of the ilue plates intermediate between that which 
jH theoretically correct and that which their habits only have 
taught them to be practically wrong ; or in the above assumed 
case between i and ^ inch, namely, gths. We thus find this 
to be a kiud of uuiversftl thicltness for nearly all flue tubes, 
whatever may be the pressure they have to sustain. 

If it were not the fact that extensive loss of life is con- 
tinually taking place from explosions, by fur tlie greater 
number of which are known to commence, at least, from a 
collapse or giving way of the flue tube, this question might 
remain until the experience of ench particular hoiler maker 
settled the point to suit bis own convenience ; but as it is, it ia 
pre-eminently one of those questions that ought to he taken 
out of the hands of mere practical men so called, who are too 
often themselves but a compromise between good workmen 
id bad mathematicians, and settled by law, which ought to 
are the necessity of having all sacVi svivic^-uiea '' ^Wtitti^T 
Strong enough." Takuig this \ie\i ol iVe coasi.Wwe. 
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never seen any valid objections to making the inside flue of 
even thicker iron than the outside shell ; — at any rale, whien a 
flue exceeds 3 feet in diameter the plates ought not to be less 
than -/g- inch thick, however low the pressure of the steam 
may be. 

In flue tubes greater than 3 feet in diameter for high- 
pressure boilers, of course the proper thickness soon ap- 
proaches the limits of good workmanship, and when that is 
reached, any system of bracing for supporting a flue should be 
resorted to with very great caution. Although we have many 
highly ingenious examples of bracing and staying in the low- 
pressure boilers of some of the American steam boats, after 
carefully examining several of them I have come to the con- 
clusion that they ought not to be depended on to the 
exclusion of other considerations even for low pressure, and 
much less for high. Indeed, if very high pressure is ever 
to be justified in steam navigation at all, it would be better to 
return to Oliver Evans' and Woolfs systems of small water- 
tube boilers, than any farther complication of Stephenson's 
locomotive tubular-flued boiler, which the present marine 
" tubular boiler " is in fact. 

The safe principle of Oliver Evans' boilers, which is that of 
never allowing the pressure to be exerted except within 
cylinders of comparatively small diameter, appears to have 
been carried out in a very scientific manner by Dr. Alban, a 
practical steam-engine maker at Plau in Saxony. He has 
published the results of his experience in a work called ** The 
High-pressure Steam-Engine Investigated,"* which are ex- 
ceedingly important and interesting to all those who would 
concern themselves with steam of 200 or 300 lbs. pressure. 
And to those who have serious intentions of promoting aerial 
navigation by steam, 1 would say this is the direction in which 
you must look. It is perhaps not too much to say that Dr. 
Alban has constructed engines of %Tt«A, %\av^\ji>fe5^ ^cc^ ^ 

* 4 translation of this work into Eng\ift\i\a^\35oX^!^^'^l'^^-^'^'^ 
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^B greater power in tlie ssme space, and of less weight, consiBtent 
^^m vitb durability, than any preceding engineer. 
^^M The best way of strengthening the large internal furnace 
^V fines of boilers is by rivetting on them a series of ribs of 
^^ angle or Tee-iron at short distances apart, similar to the iron 
ribs used for the tops of locomotive fire boxes. This plan is 
the inyention I believe of Mr. Joshua Milne, of Shaw, near 

I Oldham, who has had greater esperienee than any other 
manufacturer, in adapting the high- pressure expansion 
engine to cotton spinning. Safety to the haniis emploj'ed 
being the chief requisite in using high-pressure sleam for 
fectory purposes, Mr. Milne's plan cannot be too widely known, 
for it may be easily carried out to such an extent as to make 
jthe caUapae of a flue almost inconceivable, 
: 



Section 34. — Mahine Boilers. 
That part of the flue tube beyond the furnacs 
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of another mode of strengthening which is likely to be prt?™ 
ferred by the very large class who, while studying safe^, , 
do not forget economy. The principle of the plan I refer to 
is that of using vertical prop stays in the flue in the form I 
of tubes, through which the water of the boiler circulates, and ' 
against which the flame acts in its passage through the | 
flue. 

The above principle has been acted on for many yeara to I 
a greater or less extent in this country, but recently mors 
generally by the Americans in some of their large Atlantis 

■flteam boats. Those boilers on this principle which have been J 
tried for steam navigation io this country have been very \ 
■efficacious in generating steam, but remarkably addicted to 

'priming, as in fact good boilers generally are, and on that 
ever came much into use. They contain, however, 
many of the elements of a good boiler for marine purposes, 
and oidy require the vertical water tubes to be shorUned and 

taj/ered, 30 as to give free egress for the steam without undue 
too rapid a cireulation of tbe watet, ia ^^'s^Kvi. b. %<^^^^ 
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of the priming, even with the water of the muddy Humber, 
where they have been mostly in use ; that river being, par 
excellence, adapted for priming, or ^' fermenting^'' as is the 
expressive term there applied. This is the universal malady of 
8team-boat boilers when leaving the clear water of the ocean 
and coming within the vicinity of dirty fresh water, which is at 
such times so conspicuously detrimental to the working of the 
engine and everything relating to it. 

To say what is necessary, if we go into the subject of 
marine boilers at all, would very far exceed the present in- 
tended limits of this volume ; their forms are so numerous 
and diversified, that to give an adequate description of only a 
few would be to do great injustice to many perhaps equally 
as deserving. Sufl&ce it to say that the present position of 
marine boilers is one of transition, and they may be said to 
be in their second transition state. The old large-flued 
marine boilers, it is well known, were nothing more than land 
boilers placed in difl5cult circumstances, that is, on board 
ship, surrounded with water spaces instead of brickwork. 
That was their first stage ; but marine engine makers still 
adhered most inveterately to the then prevailing prejudice 
of the scientific engineers of the day, the Cornish doctrine of 
long lumbering interminable flues — until some of them had 
the courage to break through the established routine by 
adopting the locomotive tubular-flue boiler of Stephenson, since 
called the tubular boiler, which designation properly belongs 
to the small water-tube boilers only. This second stage of 
improvement was effected by turning the tubes over the fire 
box or furnaces ; hence they are called " turn over " boilers, 
which very great improvement I believe Mr. Seaward of Lon- 
don has the merit of effecting. Although this adaptation of 
the locomotive construction enabled the engines to be worked 
at higher pressure and greater expansion with a smaller boiler, 
there are many inconveniences in respect to their want of 
durability, from various causes which railway boilers are not . 
exposed to, which render it 'ver^ 3Le%VRi>{^ft ^viwa^ Hsse^^st 
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Oriffinal improvementB ehould be made before much g 
speed can be expected in steam boats. It is not difficult to 
predict that any fcitber mere imitalions of the locomotive 
constTuctioD. respecting nhich our marine eugineers are all 
at sea s^ain, tcill be ineffectual in preventing our American 
brethren going ahead of us, and vhich some of their lata 
achievements in this line give great indications of their doing. 
At any rate if the Americana have not already arrived at the 
best form of marine boiler, it is yet to be invented. 



Sectios D5. — GiLLowAYs PATENT Dodble-Fdbnaoeb 
TuBriAE Boiler. 
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Whatever turn marine engineering may take iu the 
Tew years, safely from explosions must always be a paramount 
consideration in these days of cheap travelliug, which is my 
main re-ason for mentioning the subject of the last seutiou. 
I shall ilierefore lake this opportunity of referring marine 
boiler makers to a combination of the tubular and flua con- 
Btruction recently brought a good deal into use as a land 
boiler, by Messrs. W. and J. Galloway, of Manchester, tha 
principle of which may be easily adopted iu steam boats, 

It is not only the strongest form of boiler for its dimensions 
that has yet been made, but it is believed to be the most 
economical for its weight as a generator of steam. 

The following figures, 14 and 15, represent a tongitudiual 
and a transverse section of this boiler, showing the mode in 
■which the main fire flue ia supported and strengthened by a 
series of short vertical water tubes, which are made slightly 
conical, or about 3 inches wider at the top than the bottom, 
and amongst which the flame is allowed to play iu its passage 
through the flue, the tubes being placed zigzag fashion, as seen 
in the horizontal section, fig. 16, giving great facility for this 
purpose. This particular arrangement of short water tubes, 
to cause them to act as prop sta^ of tlie strongest possible 
/bnrij and in the best positiou for leBiBtrng waj collapse of; 
j5n? ffue, h the most valuable featrae m "ULeaatsi, *3ii ~ 







iinention ag regirds safilv In 
respect to the absorptiou cf heat 
ftom the flame the disposition of 
these tubes la also remarkablj' fa 
\ourable fur - — avoiding the diffi 
cuUy of causing (he flame to make 
its way through a crowded box full 
of comparatively email ^tabes on 
the one haad, — the tendency of 
the flame to divide itself into tno 
currents, which a single row o^ 
[uhea sheltering each other would 
on the other This arrangemeiit ah 
flame to wrap and pnvelop the tubes 
proportion of their surfaco effoctr 



D as to render a greater 
Hence this kind of 
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Apart from the subject of the strength of boilers, 
caunot help remarldng on the utter disregard engineers 
generally have paid to the distinctive characters required 
hoilers adapted to flaming or non-flaming fuels. The loco- 
motive boiler, for instance, is especially adapted for coke or 
other fuel, with little or no flame, nor was it ever meant to 
be otherwise. Its great author, one of the inventors of the 
safety lamp, could not bo ignorant of the fact that Same \vould 
not enter far into narrow tubes ; neither was he, for in 
one of the last iutervjewa I had with him, which was on the 
Bubject of the present work, he fullj agreed with me on the 
propriety of considering the locomotive boiler, so far as the 
email tubes are concerned, to be merely an apparatus for 
heating with hot air, and not at all adapted for the use of 
Newcastle coal. The only object to be obtained in passing 
the products of combustion through an immense number of 
very small tubes, is to drain out, as it were, the last dregs 
of the caloric, as Mr, Stephenson expressed it, after the 
great bulk of the steam is obtained from the action of the 
flame in the fire box, on which his chief reliance was placed. 
Yet, in defiance of this important practical distinclion, we 
have seen English engineers pushing the small tiibular-Jttu 
principle in marine boilers to the uttermost, for burning 
bituminous coal ; while, on the other baud, we have heard ot 
American and other engineers using the antbracitic and other 
noB- bituminous varieties of fuel to the simple boilers of Oliver 
Evans and Trevithiok, so much better suited to bituminous 
fuel or to wood. 

Besides the arrangement and position of the water tubes 
in this boiler being well calculated for strengtheoiiig the flue 
and for intercepting the flame, there is another advantage 
not less important, as it equally affects both their durability 
and their efScieucy in faking up or al)sorbing the heat from 
the pasEing flame, and that is the conical form of the tube*- 
I have already referred to the diEQculty always experienced in 

aiDg the beat to pass laleTal\y t\iioM%\\ l\ie 
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boilers with sufficient rapidity for generating steam, and I 
which in fact is ho great as to justify us in considering the ■! 
effectiveness of a perfectly vertical surface to be only about 1 
one-half thot of an equal area of surface inclined even at J 
a very small angle towards tbe horizontal ; the reason | 
being the intervention of the riaing bubbles of steam, pre- I 
venting the necessary contact of the water at the upper portion 
of the surface ; such vertical position of the heatiug Burfaca ( 
also causing the metal to become over-heated, just in the 
proportion as it is prevented communicating that heat to the I 
water. This difficulty in the lateral communication of heat ' 
is obviated by the enlarged surface of the upper ends of the I 
tubes in a certain measure inclining over tlie flame. The ' 
current of flame is also, by the same means, confined prin- ■ 
cipally to the lower part of the flue without the intervention I 
of hanging bridges, which are always necessary with perfectly 'J 
vertical surfaces or tubes of a uniform diameter. 

I formerly took occasion to call the attention of boiler 
makers to the evident advantage to be derived from causing 
the heating surface thus to overhang the source of heat, more 
particularly aa respects the sides of the funmces of marine 
boilers and fire-box boilers generally. And I have since had 
tlie satisfaction of finding my advice acted on with con- 
siderable success, both in land and marine boilers. Although 
this boiler of Mr. Galloway's is the first in which the principle A 
has been applied to vertical ivhes, it has given some oppor- \ 
tunitiea of proving in practice that the application is still 1 
more efficacious in tubular than had been previously found in | 
flat surface. I 

Section 36. — Boii^RB at the Gutta-Peecha Works. I 

As a recent application of those boilers in London, and on I 

the principle that example is better than precept, I have the I 

kind permission of the proprietors of the Gutta Perch* I 

Works, in the City Eoad, for sta-tin^ that <in. t-kftir cft^mJ 
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Eulting me on the propriety of repairing or reconstructing 
seveml of their boilers, I did not hesitate to take the respcn- 
sibili^ of strongly recommending the erection of a new 50- 
horse boiler, on Messrs. Galloway's plan, which recommenda- 
tion was adopted, and with such success in respect to economy 
in fuel as to induce the company since to erect another boiler 
of the same construction and dimensions. This last boiler is 
represented by the ah ore figures, 14, 15, and 16 (p. 113). To 
the description there given it is necessary to add that the grett 
reputation these boilers have aJreadyacqulred inManchesteranti 
other places, on account of their being good "smoke burners," 
and where \ery strict enactments on the subject have mada !t 
compulsory, is one reason for their now being adopted by soofl 
of the large brewers and others ia London; and the plan by 
which tins desirable object is accomplished is most decidedly 
the simplest, and is on that account perhaps the best, that bu 
yet been tried. It is simply by firing each of the tw 
furnaces alternately, and allowing a certain time to interlapaa 
between each firing proportioned to the quantity of coal W 
on. Thus the fire from one furnace consumes the smoke of the 
other without the necessity of admitting air through any otbOf 
than the ordinary openings between the hars, and without any 
eitra trouble or attention of the firemauj he not having to 
attend to the opening and shutting of valves, nor to an/ 
machinery whatever. 

Treating now of the strength of boilers, I may state tlat 
great strength is attaiued by this plan of double fumaoes, 
ivhile the effective surface exposed to the radiant heat of the 
fire is by the same means increased. The furnace grates are 
each 7 feet i inches long, by H feet 6 inches wide, making 3T 
square feet area, or at the rate of f square feet of grate pet 
horse for the 50-horae boiler. They each contain two se\a 
of fire bars, the front set being 1 inch, and the back set 11 
inch thick, the draft spaces being f inch wide in both, Th* 
Jiixaaee tabea fire oval, being 3 feet inches deep, by 9 JHt 
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6 iDchea wide, but they are stronger than if they were circular, 
on account of the grate hearers acting as prop Btaya. The 
furnace plates are of low moor iron J thicli. The flue 
and eliell are of tl)e same thickuess, and the ends -^ inch. 
The working pressure is from 30 to 40 lbs. per square inch, 
the mean of which gives a strain of iOOO lbs, per square inch 
ou the sectional area of the iron. The ends of the boiler are 
strengthened by wrought-irou double ribs, which are rivetted 
upon them, reaching from side to side, and to wbich 
the wrouglit-iron stays are attached that extend the whole 
length of the boiler and brace the two ends to each other. 
The total length of the boiler is 30 feet 3 inches. The 
greatest diameter of the main Sue is about 4^ feet, aiid it 
contains 13 of the conical water tubes, each being 11 inches 
inside diameter at the top, and at the bottom. The total 
f0ective heating surface of the boiler, measured by the rules 
already given, is rather more than a square yai'd per horse 
power, calling it 50-horse. The makers call the boiler 55- 
liorse, which, with an adequate area of fire grat«, it ia quite 
equal to. In order, however, to make it a perfectly smoke- 
less boiler with Newcastle coal, it ia better to work it within 
its maximum power, the rate of combustion being not more iIi rt) 
10 lbs. per square foot of grate per hour. At this rate it is 
capable of driving an ordinary 30-horse non-con dens iug engine, 
loaded with machinery to indicate on the average 50-hors8 
power gross, that is, uicluding the friction of the engine itself, 
besides supplying at least 10-horso power of steam for other 
purposes. With this load on the engine the evaporation is 
very accurately 1 cubic foot per minute, and the consumption 
of coal, not of the best quality, called East Adairs Main, 
is at the rate of 3 cwts., or U36 lbs. per hour; this is 
the ordinary net consumption, tbat ia, exclusive of what ia 
required for first getting np steam. This gives an t 
porotive economy of betweeu 11 and 12 lbs. of water 
^h. It- of coal consumed; a degvee ol ewa'j^si'iA^i^*'' 
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that has heen rarely, if ever, hefore ohtained. It oughi 
stated that the boiler is well clothed with a non-cond 
covering of sawdust and brickwork, and surmounted 
horizontal steam dome (also felted), 12 J^ feet long by 
diameter, so that no error can have place in the abot 
from priming, and the quantity of water evaporated was 
tained by stopping off the feed and measuring the 
which the surface of the water fell per hour in the glaa 
water gauge on the front of the boiler. 



CHAPTER VI. 

On Explosions, Deposit of Sediment, and Incrustations. 

Section 37. — Explosions from Collapse op Flo 

There are only two ways in which a boiler can be cam 
burst or explode by the power of steam. One is by a gi 
increase of pressure produced in the usual way, but at f 
when all egress is prevented, until the steam acquires 
cient strength to rupture the material of which the bo 
made ; the other is by some sudden increase in the qu 
or pressure to such an extent, or with such rapidity, th 
ordinary safety valves, or perhaps any other means of 
that might be devised for the purpose, are unable to car 
steam off in time to prevent any, although but mome 
strain greater than the boiler can bear. I have long \h 
opinion that it is in the consideration of the last-ment 
class of causes that we ought to look for the proper re 
against the frequency of steam-boiler explosions. 

The method of giving to boilers sufficient strong 
material to resist any given pressure within certain ! 
was the subject of the last chapter, and disposes of thai 

the question relating to live &lTei[i^\i oi ^<^ boiler wl 
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relaius its proper form ; bo that I ahnl! now only refer to the 
facts of some ejtploaioiis in order to elucidate the causes of 
change of form taking place. 

There is a Tety erroneous, although prevailing opinion, that 
the Cornish or Trevithick boiler, by having the fire plB 
nithin its internal tube, is safer than any other kind, which 
Opinion cannot bo too soon dispelled ; for it is an admitted 
fact, by all who have considered the subject, and however they 
may differ as to the precise theory of its action, that the water 
iu>cidentally getting too low is a frequent cause of explosion; 
and if eo, it must be evident that this cause must operate 
much more frequently to produce that effect when, as in the 
Cornish boiler, the depth of the water over the hottest part of 
the heating surface is only a few inches, than when the depth 
Ja as raany feet 

The force of the steam and water escaping during an 
explosion of a Cornish boiler is also immensely increased by 
reason of its being generally expended in one direction, that 
is, through the fire place in the mouth of the tube, the latter 
being thus converted into an immense piece of ordnance, from 
which the grate bars, fire bricks, and other materials of the 
luraace, are projected witt destructive effect on everjtliiug 
within their range. Probably also the steam, as it rushes out, 
is reinforced by contact wilh the heated fuel in the furnace *. 

Boiler explosions of this kind generally arise from a 
collapse of the internal flue, and it frequently happens that 
some of the most violent and fatal ones have occurred without 
the circular part of the shell of the boiler itself being in the 
least disturbed or removed from its place. Such were the two 
fatal eitplosiona that occui'red in the Thames on board tha 
Victoria, Hull steam ship, in March and June, 1838, the long 
investigations respecting which are well known, 

* There are othor cireumstanMs which have been oh<erred in the hunting 
ot a liollvr of ihis kind, which hent boido nnalngy to the diicbor^ of a largo 
(annon or mortar; ffiichj far inetanco, U tUc w;\i>^ (it n^x^^cf^'osK^^^^^^ 
kgattogreat ritb boihn [hat have no iDte[na^ bus. 
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An explosion of b. nearly similar kind to those in the 
Victoria Bteanier, liolh as to cause and fatal consequences, also 
took place in September of the same j'ear, with a Comiali 
boiler, in a foandiy at Newton in Lancashire, although, from 
its belonging to a high-pressure engine, the force of the 
explosion was much greater. Several tons in weight of cast 
iroa and other articles were removed bj it, and a clear breach 
was made b; them of ten yards wide through the jard of the 
foundry, whilst everything in tbe direction of the mouth of 
the fine tube, for 60 or 70 yards in a direct line, and several 
yards wide, was swept away with terrific violence, including 
10 or 11 of the workmen, 9 of whom were killed. The 
bricks of which the fire bridge bad been formed within the 
tube, were projected like shot from a gun to twice the above 
distance, and were the principal cause of the loss of life. 

The above instance, in which the report was described aa 
like a loud clap of thunder, is adduced as an illustration of 
the peculiar violence incidental to an explosion of this par- 
ticular kind of boiler, owing to the steam being reinforced, 
as it were, wiLhin the furnace tube, and then being all 
expended in one direction. 

I bad occasion to witness the melancholy effects of this 
accident, and took some pains to form a mature opinion aa to 
its cause on a careful investigation of the facts, wliich were 
published at the time. I also soon after, namely in 188!), 
published and strongly recommended the only means that lias 
yet been proposed for avoiding the faulty construction which 
led to the disaster, in this instance, by a collapse of the flue 
tube. 

The peculiar lault of this boiler, and the proximate cause of 
its bursting, was that the tube was oval in section, although 
the boiler itself was circular, a fault which, for many raasona, 
is likely to be more productive of explosions than formerly, 
and is therefore deserving the particular consideration of the 
aad makers of smalt high-pressure boilers, 
ibe main object iu making tui u\%\^q ^vna otAiI^L 



pkciug it with itfi shortest diameter vertical, ia no doubt 
tiie purpose of obtaining a greater depth of water over the 
flue without diminishing the heating surface or the amouut 
Bteam room; but by thus endeavouring to avoid the chance 
accident from a deficiencj of water, we run into tlie contrary 
estrenie and risk an explosion by moling the flue of a iveak 
form. A very slight departure from the true circular form 
not only causes the flue to be much weaker, but the pressure 
has a eoustant tendency stiil farther to alter the form of the 
curve, thereby becoming weaker with every strain until a 
nollapse of the ilue taltea place. The top and bottom of the 
Hue are thus sometimea crushed flat together, or neaj'ly so ; 
and the rupture producing exploaiou consequently usually 
takes place in the flue itself, through which the steam and 
r already stated, 
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The boiler, of which the explosion has just been described, 
id represented in fig. IT. It wfts \%\ feet long by 4f diameter. 
The flue tube was 3 feet wide by 2^ deep. The brie It Are 
bridge was at about ^rd the length of the flue, and tl\e 
lop iiBiJ bottom of the flue were crushed together at about 
midway between the farther end of the boiler and the bridge ; 
the latter no doubt, interposing as a momentary support to the 
top of the flue at the instant of the plates coming down, de- 
termined the place of the collapse, as marked by the dottfei 
lines, which ahoiv the exact form wliic\i Wie <yj\\K^ft^ 'i^ia 
^maaed by the £oree of th3 explosion. 
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This boiler wns quite new. the explosion having taken place 
the first morning it was set to work, and within one minnte 
after starting the engine. The plates were | inch thick and, 
Bfl'viiig the form of the flue tuhe, the boiler was remarkably 
well made as well as all the apparatus belonging to it. It 
had livosafely valves, two gauge cocks, and a glass water gange. 
The foreman of the works, who bad the superintendence of 
erecting both the boiler and the engine — which was also new 
and of 8-horge power — was present, and managing them him- 
aelf when the explosion took place, he being also one of the 
unfortunate sufferers. 

The coroner's jury returned a verdict of accidental deatb 
occasioned by the insufficiency of water in the boiler, in con- 
currence with the opinions of several most respectable en- 
gineers, but with the addition of some of them of ascribing 
the explosion to the sudde a formation of hydrogen gas, by the 
injection of cold water upon the supposed red-hot flue, of which 
there was no evidence when the engine started. Which last 
opinion is far from being a singular one in many similar caaes 
of explosion that have occurred with high-pressure boilers; 
but ia I think a very erroneous one, not to say fatally so, in 
many instances. For by thus assuming a theory which, to 
Bay the moat for it, is, according to our ordinaiy knowledge of 
the laws of chemistry, exceeding improbable, a check is placed 
upon any further investigation, while the real errors of con- 
Btruolion are perhaps kept out of view or repeated in other 
cases. The great fault in the construction in this case vas 
evidently too wide, and therefore too weak, a flue in order to 
admit a lai^e fire place in loo small a boiler, which naturally 
led to the error of making the flue oval. The best preventive 
of this in the first instance would have been either a larger 
boiler or a separate steam chamber, as shown in Cgs. 11 and 
15 (page 113), without resorting to any flattening of the flue. 
Now, if instead of the flue the hoiler iiscif had been oval. 
tn'th 2is longest diameter vertical, and the flue circular, the 

meana of obtaining a greatot 46^l\i qI W 
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flue would liave tieeu afforded, but with much greater eafetyB 
from esplosion Ity collapse of lUe flue. Although an ellip 
lical or Oval shape is slightly weaker for a boiler thai 
cle of a mean diameter, still, from the pressure being exerted ' 
inside the cuite, any estra strain or pressure that the boiler 
way be exposed to will only have a tendoucy to alter the 
curve into a stronger form than it was before, by approaching 
more nearly to the cirde. Thus, leaving out of conai deration i 
deterioration from wear and leakages, it may truly be said of ■ 
an oval or egg-shaped boiler that the longer it is worked tksM 
slrovger it Kill become. Ou the other hand, when the prea^ I 
Bure is external to the curve, as is the case with the Sue tube, I 
the effect ia exactly the reverse of the above, the strain having I 
a constant tendency to put the curi-ed surface into a iveak« J 
position, and it must inevitably become weaker and weakee'l 
with every undue strain it is exposed to. 

Consequent on the above considerations, it ought to be bl 
rule in the making of high-pressure boilers, that the inside' I 
flues, besides being circular, should have their plates quite a 
thick, if not thicker, than the external shell. The boilers I 
themselves may be to a considerable extent elliptical, and I 
win be, for all practicable purposes, as strong as if they wera J 
circular. They have even been made as much as 8 feet I 
diameter by 9 feet deep, without materially diminishing theifrJ 
ultimate strength ; although for very high pressure, say ahoya T 
80 lbs, per square inch, I think the circular form should net I 
be departed from when of so large a diameter. 

Section 38. — Collapse of Flue in a Low-Phessche 

FiRE-Box Boiler. 
The better to illustrate all the causes and consequences of 
collapse of flue tubes, as well as explosions generally, I give 
the particular drawings in the frontispiece, which are correct 
representations of a boiler that I examined minutely imme- 
diatel; after its explosion, which occuTvei to '^■Mictoai^Kt «. 
^^frcars ngo, being also weU ocquamlei Ni"\.'Ca«Si.*ift ' 

H| ^ St. 
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^^m flt&nces counected with the boiler previous to its expIoB 
^H and I select this case because, although fatal to the SreiOi 
^H and havlDg many points of great rosemblanca to tha kiyli- 
^m prcawre explosion at Xewton, it is an example of as naay an 
^ explosion, so to apeak, as can well be produced, even by low- 
pressure steam. The steam in this case we are quite certain 
could not have exceeded 15 lbs. per square inch; in this 
respect, as ia the immediate effect produced, being otrongly 
contrasted with the Newton explosion. This fact ia one of 
some importance for the consideration of those engineers who 
are continually reasserting their belief in the dangerous fallacy 
that high pressure is as safe as low, and who do uot hesitate 
to take the responsibility of recommending high-pressure 
^^ engines in factories, — where in some very rare cases and 
^ft (drcumfitauces they may be necessary, — as well as in steam 
^P vessels, where they never can be necessary or justifiable 
■ at all. 

This boiler, which was on what is known as the fire-box 
construction, was, as respects materials and workmanship, 
remarkably well made and judiciously stayed, and will aerye 

»to illustrate that class of boilers. 
The five-box boiler is an offshoot from the locomotive, 
adapted to stationary purposes, as the Butterly boiler, which 
it closely resembles, is an offshoot from the Coniish, adapted 
for factory use*, the only variation in this instance being tui 
adaptation of the furnace for consuming smoke by on arrange- 
ment which is not quite innocent perhaps of having a tendency 
to promote accidents of this kind, — a tendency which there is 
no denying that almost any plan of smoke consuming by a 

kmore intense heat or more perfect combustion must have 
p6r ae. The particular arrangement for the purpose in this 



• For a, further gon™logy of the fire-faoi boiler, and its vutialloBa 
lie nnino Qf tho Liverpoal jialcnl coostruction, in 1832-3, sfleiwudi 
ceirfullj ntttnraliied na h river iteam-boat -boiler in America, KB 
OB the "Locomotive Bngina BoUer," in fol.t of Weali 
^*ifgtild on tfce Steam Eugine, 



iraidi ne- I 



OK STEAM BOILEItS. 135 

case, which has been frefiiiently patented, is the interposition 
of a •■ hanging " or inverted water bridge at the back part of 
the grftte room, descending within a few inches of the burning 
foe], close to which the amolte from the newly laid on coal is 
compelled to pass, and thus become inflamed before passing 
into the mouth of the flue tube. Kow t '3 n t 'n this de- 
scending water bridge, provided t K pt 1 n, that any 
injury is generally done by this pi n f m k burning, ae 
eoine suppose ; hut in the Tertic 1 pi t at th back of the 
furnace, to which the mouth of th tlu t I riveted, on 

account of the intense combustion t d by th pid draught 
of air tllttt always rushes through the back of the grate. Con- 
sequently it wa3 only thb vertical plate, and benatise it w«J 
vertical, that showed any symptoms of injury from being over- 
heated, this overheating arising, as it must always do in aU)' 
similar cases, from the difficulty the steam bos 
itself from vertical surfaces, except by keeping the water oat 
of contact with the plate. 

The descending water bridge of this boiler is showB at cv 
fig. S of the frontispiece, which is a longitudinal section of tho 
boiler, and in plan in fig. 3, which is a. horizontal section ; 
both figures showing by dotted lines the form of the flue tube 
in it« collapsed state, but better seen in the transverse section, 
fig. J, taken through the back of the furnace at b in fig. 3, 
which shows the fracture of the mouth of the tube where id 
was torn away from the angle iron that connected the tube t« 
Ihe front plate, and making the large aperture of 8 feet wide, 
through which the contents of the boiler rnahed out. Fig. i 
is anolher transverBe section of the boiler through a, showing 
a back elevation of the brickwork and flues as viewed frotii 
Ihe rear, 

The above figures are all to a scale of ^ inch to a foot. 
boiler was 23 feet long, and 7^ diameter outside; thi 
tube was 16^ feet long by 3 feet wide, and affect deep at the 
back end, andofralJier less dcptta, tj ^^^etftVviaA'snssMj.'*^ 
gMM^d/ i^val at the mouth, where e\\ft,BttiX'3 ^5afc t'Ji.*?^^ 
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^^1 the Sue &rst commenced, and where its cuoueclion n'ith Lhe 

^^V bock pintfl of the furance might have heen Elightly weakened 

^^M bj the continued action of the flame, although the iron was 

^^P not discoloured, neither was the lead plug melted, which was 

^V Tvithiti a few inches of the place, as shown at the crown of the 

^H arch, fig. 1, and directly under b, fig. S. 

^H The thickness of the plates was i inch throughout both the 

^H ahell and the tube, and the vertical Lack plate was -^^ inch. 

^K All the Hat parts were well supported by stays, as ehown in 

^M the figures. The "water legs" of the hoiler, as seen in cross 

™ section, were 12 inches wide, and supported by B " thinjhle 

Btays" in each leg, of 1 J inch round iron, with 3 of tire same 

kind through the water space at the back of what ought, in all 

Buch cases, to be a briclt fire bridge. The ordinary working 

pressure was under S lbs. per square inch, at which the safely 

valve viOB adjusted to blow off, and the steam could not by 

any possibility reach to double that pressure before it boiled 

»over at the feed head. 
The total elective heating surFace of the holler and tube 
'was about 44 square yards, and the area of the fire grate 34 
square feet. It bad a good draught, and in conjunction with 
another boiler of the same kind and dimensions, was quite 
equal to work a Boulton and Watt 53-hor8e engine up to 114 
indicated horse power gross, ivith great economy. This they 
had continued to do for about two years after they were made, 
when the explosion took place. It occurred just after the 
engine started in a morning, and had taken about 30 turns. 
The effect of the explosion was to turn the boiler completely- 
over longitudinally and laying it upon its back, without being 
entirely lifted from the ground. This movement nas effected 
by the force of the issuing current of steam and water being 
I deSected at right angles downwards by striking against the 
m" water bridge, thence driving out the fire bara against the 
j bottom of the ash pit, and by reaction raising up the fire-box 
loD^/ of the boiler, which thus described a semicircle iat 
9 length, aa a\Tea43 aVaUi, 
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^It may be useful to remark, in reference to the quiet way 
in which the boiler was turned over on its back, the contmst 
it affords to the high-pressure explosion at Newton; and in 
this respect it is still more strongly contrasted with two 
explosions of boilers of high-pressure engines, which also 
occurred near Manchester a few months afterwards, that is, 
early in the following year (1845), One of these was that of 
a locomotive at the Manchester and Leeds railway station, 
whilst getting up steam, by a collapse of the fire bos, the roof 
of which was crushed in with about 70 or 80 lbs. pressure, 
making a hole of about the same area as that in the low-pres- 
sure fire box just described. The discharge of steam and 
wat«r was also similar, that is, downwards through the fire 
grate ; consequently the effect produced was likewise similar, 
but moTo violent, corresponding to the greater pressure of 
slenm, the engine in this case being lifted entirely from the 
ground and making a kind of summerset in the air. 

Theothercftse was of still more violent character, being that 
of n Cornish boiler 2C feet long by SJ diameter, containing 
a Are tube of 3 feet diameter, the flue tube being eoltapsod 
for nearly ils whole length from the furnace to the end of the 
boiler. The tube was Rt the same time broken across into 
four portions, which, when put together, exhibited very much 
the appearance of the colbipsed 0ue of the fire-box boiler 
(fig, 2 of frontispiece), except that the top and bottom of the 
tube were compressed into closer contact and more completely 
recurved within each ether. This probably arose from the 
greater pressure of the steam, the working pressure of the 
engine being 45 lbs., the thickness of the iron being the same 
«B the low-pressure boiler, namely, | inch of the beatCoalbrooke 
Dole, both for tlie boiler and tube. The tube in tbis case 
was circu>ai; although it appeared to me to have been injured 
from overheating ; and there were other circumstances which 
also made it probable that there was an insufficient quantity 

, of water over the lube at the time oJ v\\b ac«a.i.eiA,\i'j -^^$ff>. 

^tgffght have been rendered quite as iNee^ »a fee. '^"*^ 
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of tU6 Newtoa boiler, to which case in many respects this 
bears great analogy, being both Cornish boilers and nearly 
of the same dimensions, except in length, and the explosion 
occurring within about one minute of the engine starting. In 
both cases the iron was of very superior quality, and the 
boilers extremely well made — provided with every requisite 
in the shape of safety valves, water gauges, &c,, and attended 
by careful workmen. The principal difference in the manner 
of the explosion arising from the tube in the lust case break- 
ing across, the steam rushed into the internal flues and bed 
of the boiler, which served as an abutment from which the 
entire shell of the boiler, weighing several tons, was projected 
and carried a distance of 43 yards, knocking down buildings, 
and creating great destruction of life and property in its way. 
This, in fact, was the chief characteristic in the three higb- 
pressure explosions described as in al! other ejtphtions of hi^h- 
premii-e boilers that I have bad an opportunity of examining, — 
which contrast remarkably with the almost entire absence of 
such destruction by the bursting of boilers ordinarily attached 
to the common low-pressure engine. 

The reason for giving the details of the above cases is my 
belief that a correct record of facts is all that is wanted lo 
enable us to elimiiiate all the causes that were ever concerned 
in producing explosions, and perhaps also to put us in a con- 
dition to assist, if not in preventing, at least to place soma 
Qheck to the increase of those lamentable occurrences. Bear- 
ing in mind what ie said in section 38 (page 90} on the sub- 
ject of surcharged steam, and the peculiar liability there is of 
boilers exploding exactly at the moment or soon after the 
valve is opened for starting an engine, there is reason 
believe that many esplnaions may be accounted for 
coincidence of two or more distinct causes — one of 
always being the sudden opening of the safely or other vahi- 
the other either the presence of surcharged steam or an in 

'Sciency of water, or both. For after giving a very attentivf 
DD of the detwls ol a\V vVe e-J^'^Xow-ima 'Cin&MI 
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occarred in Lancashire for a long series of years, I am"' 
also of opinion that more ttiau one-half of them have oc- 
curred either at that particular time or after the opening 
at the safetj or other valve, when one might expect it to 
cause a diminution instead of an increase of pressure. The 
fact is of such freijnent occurrence, that I have made several 
attempts to draw the attention of coroner's juries to the cir- 
onmstance, but, as may he supposed, as such bodies are or- 
dinarily constituted, with no great success. Every one nearly 
being now more or less an amateur in steam, the popular 
idea with juries is that of being appointed to find somebody 
guilty of overloading or setting the safety valve fast. I am 
not going to ascribe any of the above accidents either to sur- 
charged steam or opening of safety valves, because there 
ara other sufficient causes for them, hut the circumstance of 
ftsplwdons BO frequently taking place at that precise time is 
not the less singular. 

Although the American government committee on explo- 
sions did not succeed in proving surcharged steam to be 
dangerous, they made the experiment of injecting water upon 
ft red-hot boiler bottom, when the steam ran up from 1 to 
12 atmospheres in one minute, and the boiler exploded with 
violence. This is consequently a source of danger which no 
one ever disputed. The only question of interest respecting 
it, is the manner in which it is brought about. •■ 

Sectios 39.— Explosions from In crust atioss, 
A boiler bottom getting red liot is not likely to take place 
gradually while the engine is at work, the water feeding ap- 
paratus in order, and the boiler kept clean. But if a boiler 
is allowed to become dirty, or covered with indurated oi 
crusted earthy matter, interposed between the iron and 
water, there is then no difficulty in accounting for such d^ 
i:iimslances producing an explosion at any time ; and the way 
in which it operates towards that end apgeara to he aQmethia'^ 
ijke tilje following. 

is known that an internal coa.tVn% oi vQC■^'oa\a!GlK«^.^ 
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boiler scale, ie liable to crack and separate into large pieces, 
which aro throwu off from the boiler bottom at some parti- 
cular degree of temperature, depending upon the ihickuess 
of the scale and the kind of substance of wbicli it is formed. 
We can eafiilj suppose that by a little hard firing, and un- 
duly heating the boiler, a large portion of scale may be sud- 
denly detached, uncovering a considerable area at a tempera- 
ture something exceeding the maximum evaporating point, 
which is well known tfl he considerably under the lowest red- 
heat of iron. Now, the first effect produced will evidently bo 
a certain amount of repulsion between the Drerheated iron 
and the water, which may coutiuue for several seconds, and 
perhaps for a few minutes; ihis may account for the sudden 
decrease in the supply of steam that has sometimes been ob- 
served just before the explosion of a boiler has taken^placa. 
There must also be a gradua! diminution of temperature 
during this short apace of time, in that part of the overheated 
iron which is exposed to the water — creating a contraction of 
the metal — increasiug as the decreasing temperature of the 
iron approaches the maximum evaporating point, which is 
at about 350" to 400" Fahrenheit {see sect. 10, p. 31), and 
causing a corresponding strain on tlie rivets in the boiler 
bottom. The direction of this strain may generally be 
traced on examining the bottom plates of auy old boiler, 
and will be found to radiate iu tines proceeding from the 
part which has been most acted on by the fire. 

The nest and concluding step, iu case of the metal not 
being able to withstand tlie strain caused by its own contrac- 
tion, will either be a sudden crack or fracture in some direc- 
tion across this exposed part, or, what most generally hap- 
pens when au explosion, results, the sudden giving way of 
some bad seam of rivets, which the most nearly coincidea or 
is parallel with the direction of what would othernise be the 
true lino of fracture. This may possibly be at some distance 
/I'om the part which has been oierbented, thereby giving tlie 
' 'creased effect of great leverage \o tVe ^"cesavuft ii 
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^^HD tbat portion of Ibo boiler included between the ovcrbeated 
^^part and tbe actual line of fracture. Now the consequence 
in, not perhaps that this portion is blo^vn out, as would most 
probably be the cuso witb very bad iron, but it will be bent or 
doubled boclc, the line of flexure running across tbe hottest 
or the weakest part of tbe iron. This may help to account 
for the remarkable way in wliicb we sometimes find exploded 
boilers twisted and doubled up. A rupture beingj thus ef- 
fected an explosion is inevitable if the hole be sufficiently 
large. 

Wheu an incrusted boiler bottom becomes highly heated, 
and tbe water at tbe same time too low, it rery commonly 
happens that a large quantity of water ia immediately let in, 
when tbe consequences are similar to those just described : 
for the internal coating of fccale being suddenly contracted by 
the cooling efiect of the water admitted, it is detached in the 
eame manner as it would have been by the expansion of the 
iron, and the same effects produced, although perhaps more 
speedily, as the water admitted will reduce the temperature of 
the exposed part of the boiler bottom more rapidly to the 

inuximum evaporating point, 
"Whenever a boiler bottom is seen, or supposed to be, ap- 
proaching to redness, and that can only happen wlien the 
water ia not boiling, or when the engine is standing, tbe en- 
gine-man should be cautioned against allowing a fresh supply 
of water to go into the boilei', whether the boiler is short of 
vater or not, until after the engine has been some time at 
-work. My advice to engine-men in such cases is not to itart 
tiu mgiiM at all, but to open tbe fire doora and stand at a 
SEife distance until all goes cool. I would not have bim stop 
tfl pull the fires out, and on no account to open tbe safety 
Tolve, as being little less hazardous than starting the engine, 
If, indeed, he knows tlie safety valve to be overloaded or made 
fast, and tbe steam still continues to rise with the fire doors 
open, the fires may then be quenabed, b 
re pipe, or otbev safe mi 
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Section 40. — Deposit of Sediment. 

All natural waters hold various solid matters in solution 
or suspension ; when in the latter state they admit of being 
removed by filtration ; but no system of filtration, on a scale 
suflBciently large to supply a moderate-sized steam engine at 
a light expense, has yet come into practical use. However, 
it occurred to a gentleman several years ago to hit upon a 
very simple and effectual substitute. And that was, instead 
of separating the water from the dirt before passing it into 
the boiler, he separates and collects the dirt from the water 
after it is in the boiler by means of a series of vessels, 
shelves, or trays, placed up and down the boiler, constituting, 
in fact, so many portions of what collectively might be con- 
sidered a substitute for a false bottom, upon or into which 
all the matters held in suspension are deposited. This, in 
fact, is the whole of the principle of Mr. Anthony Scott*s 
patent of 1827, which has been so frequently re-patented and 
re-registered since that time, like many bad copies of good 
pictures, some of them so very bad that the patentee, if he 
were living, would not know that they were even meant for 
imitations. 

These sediment vessels operate much after the same man- 
ner as certain quiet still places do along the banks of rivers, 
in causing sand or mud to accumulate in them ; making so 
many places of shelter, where any movable matters being 
accidentally deposited, they remain free from agitation and 
not disposed to move out. In a boiler containing boiUng 
water of course the same principle prevails; the steam 
rising from the boiler bottom — the sole cause of ebullition 
in all cases — being the agitating agent. In fact the water 
never boils within the internal vessel or sediment receiver, 
however violently it may boil externally ; and the more vio- 
lently the water boils the more rapidly the internal vessel 
collects all loose sediment B.oating B^io\x\.m^3aft'^^t»t^ Hence 
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Mr. Scott called any internal vessel or apparatus put iuto a 
toiler for this pui'pose, a " sediment collector." 

The great merit of Mr, Scott's invention is its peculiar 
Bimplicitj and cheapness; thia was ao obyious, tlint many 
huudreda of boilei-s were immediately fitted up with collecting 
vessels of various kinds with more or less success. Excepting 
for calcareous incrustationa, the process was perfectly success- 
ful in keeping a boiler clean. The only difficulty in its 
practical application was liability to neglect ia cleaning out 
the colleclora ihemselvea when tliey got fllJed witli depobit, 
and the necessity of emptying the boiler for that purpose. 

For the above reasous it appeared desirable to the patentee 
to have his cleiiQaing appoi'atus made self-acting, that is, to 
clean iuelf out without interruption to the working of the 
eD^ne, or letting down the steam ; and he hoaoured me with 
a commission to make such an improvement, which I suc- 
ceeded in effecting in 18-JU, when the firet complete boiler- 
cleansing machine was executed and applied to a boiler at the 
calico -printing works of Messrs. Thomas Marsland and Son, 
in Stockport, who afterwards had fifteen boilers so fitted. 
Since the above period they have continued in general use in 
Laucashire. 

The general form of thia apparatus, and mode of fixing it 
up within a wagon boiler, is shown in isometrical perspective 
in fig. 18, as made in 1834-5, by which time many hundreds 
were made and adapted to various kinds of boilers, including 
those of railway locomotivea and steamboata. In the last 
mentioned cuaes, and iu all cases where there is no fire wider 
the boiler bottom, they are, generally speaking, unnecessary, 
ucept for the purpose of preventing priming, wliich they 
moat effectually do when that arises from dirlj water. For 
this purpose the upper conical-shaped vessel is made with the 
narrow collecting apertures adjusted partly above and partly 
below the surface of the water. In this way it is used by 

ting the vaJve at the end oE ihe \>Q\\et , wii. ■^xiW^'w-'i '^»*' 
le o£ the agiiator in motion iov taM atimiM^SiVs 
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the contents of the j'oceiver at tlie botLojn of tbe boiler i 
discharged upwards through the pipe on tbe right hand. Thia 
operation creates a current, which draws all the scum and 
f froth that cause the priming fiom ail parta of tlie water 
surface into the collecting vessel find down into the receiyer, 
whence they are discharged to the outside of the boiler bj a 
repetition of the process. 

By thus skimming the dirt from the top of the water, clean 
itry steam is supplied to the cylinder of an engine instead 
of a mixture of steam aud dirty water, causing, in ordinary 
cases, such great waste of power by friction on the piston and 
pistoa-rod, and unnecessary consumption of tallow. 

Great consumption of lubricating material is always proof 
of imperfection in machinery. Instances are not wanting of 
large stationary engines working for months together without 
grease of any kind to tbe piston-rod*, contrasting greatly with 

' Shouia ibiB fact be doubtsd, I can refer to a cnso of tbe kiod in London, 

Bt Mesira. Eedaile nnd Margrave"*, City Saw Mills, Hogeat'i CanKi ; llieir 

'^r* being fumfshed with my [Aennsms TOit^niee, «a& tiic (jistoa-tiid 

I T boxes packed with thcic [ntcM caiV. fAiia. .^^^^^^^_ 
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6 IftTiah U3e of that material in marine engines, rendered 
mainlj by tjie greater liability to prime. The 
''Id device of throwing tallow into a steamboat boiler, 
lu order to preeent priming is still without a satisfactorj' 
theory ; nulesa, a^ I am inclined to believe, the practii 
only beneGcial rather in mitigating the immediate eSect than 
in the prevention of priming. The only suggestion to account 
for it that T have met with worth attention, is one by Mr. W. 
Keld Whytehead, C,E., in an article on Ihe priming of boilers, 
in the " ArtJzan Journal " for December, ISiB, in which he 
supposes ihat as ihe tallow requires a very high temperature 
to vaporise it, it "consequently floats like a hot plate on iht 
iurface of the yrater, and tends to separate the particles of 
water from the steam as they rise." 

In applying t!ie deansiog machine to boilers containing 
inside flue tubes, it is necessary for their perfect efSciency 
generally to place two in each boiler, one on each side of the 
tube. Tliis is move especially requisite in boilere about 30 
feet long, so that one machine may he fixed at the eitrema 
end of the boiler from the fire, and the other about the 
middle. A nearly similar plan h adopted in placing the 
common eediment collectors as represented in figs. 19 and 
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I Trhicli are vertical and liorizoutal sections (the latter to a scide 
\ ef half the size of the former) of the " egg-ended " * double- 
i boiler as now made at the principal iron ivorks in Staf- 
fordshire ; showing also my last improved modification o( 
Scott's patent appai-atus. The lower collector is of the form 
originally recommended by Mr. Scott, and is merely a shallow 
tray standing on four legs, about C inches from the bottom of 
the boiler, calculated only to retain some of the heavier kinds 
of deposit. The upper collector is a cast-iron trough sus- 
pended between the flues, and partially or wholly covered with 
one or two cast-iron lids ; this collecter catches and retiu'na the 
finer kinds of deposit that are floated near the surface. 

HaK a dozen of these collectors are well calculated foi 
placing in a large boiler where it is necessary to use any 
material lor preventing incrustation. 

Section 41. — Calcabeoos Ikcbti stations. 
When the incrustation forming on the inside of boilers 
r consists principally of argillaceous or silicious matters, it is 
easily prevented hy the use of one or the other of the above 
described apparatus. When, however, any considerable pro- 
portion is either carbonate or itilphate of lime, considerfthte 
difficulty is esperienced in preventing its formation to an 
injurious extent. The latter substance more especially, it is 
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■well known, has witbstood alt attempts at complete preventioa 
by chemical meaiiB, escept such aa would he also injurious to 
the iron. The principal rejnedial agent that has been found 
beneficitil iii any degree to miligfite the effects of this sub- 
stance, is crushed potato, ithich does not act chemically, hat 
mechanically, the pulp of the potato being supposed to 
velop the crystals of the sulphate of lime as thoy form, an4' 
prevent their adhesion to each other. 

With respect to the incrustation of carhonate of lime, tlwj 
case is very different. It admits of various methods of prwr 
venting its formation by chemical reagents. The means a 
generally very simple, hut like smoke bximing the question 
the best cure for boiler scale has got entirely into the hani 
of the " chemists and druggists," and opened up a boundleafl 
field of quackery and pretension which it would be impossible 
to characterize properly. I shall therefore only briefly 
tion a fen that I believe to be exceptions to this remark. 

The most popular of the patent remedies ia that of Dq. 
Ritterbandt. Tliis plnn is to put into the boiler daily 
quantity of muiiate of ammonia, or sal-ammoniac, the effect 
which is, that any bicarbonate of lime in solution 
is decomposed, the muriatic acid of the muriate of araiaoi 
taking the lime and keeping it in solution, while the carbon6n| 
acid joins the ammonin, forming carbonate of ammonia, which 
passes off along with the steam, It need not be observed that 
this remedy can have no effect whatever in preventing the 
sulphate of lime incrustation. 

The theory of the following remedy ia something like 
reTerae of the foregoing, and was, I beUeve, first proposed 
Mr. John Graham, of the firm of T. Hoyle and Sons, and 
been several years in use at their celebrated calico-print worl 
in Manchester. It is to put into the boiler daily or weekly 
quantity of quick or newly-slaked lime, the effect of which is 
to convert the gobibic hi-carbonate into the insoluble carbonate 
of lime, which, iustead of being kcpl m soVitvra. wiTK«t>».\»'&. 
^^mo ia, in Dr. Jiilterbandt's reraeSj, itU ■^^et\^\\a^a^-«^' 
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lected withoat anj trouble bj sediment collectors, or collected 
and discharged from the boiler bj the cleansing machine. 

This putting in of lime to take out lime is a nice applica- 
tion of Dr. Clarke*s simple and efficacious method for puiifj- 
ing water on a large scale, now so well known and generally 
approved by water-works companies. 

In Lancashire, where generally a great portion of the boiler 
scale is sulphate of lime, it has long been a practice to use 
ox-feet, or any animal substance convertible into jelly by 
boiling, with good effect. But they are liable to promote 
priming, and, like potatoes, they require frequent renewal. 

One English patent, now expired, specifies the use of all 
kinds of vegetable matter or extract without exception, pre- 
fering that which gives out the greatest quantity of colouring 
matter, as logwood, bark, or tan. Also turf, peat, manure, 
leaves, saw-dust, and charcoal. Other patentees recommend 
urine, glue, blood, dung, and night-soil. Also sugar, starch, 
treacle, flour, malt, and the bottoms or settlings of beer barrels. 
Most of the above articles may be used with advantage where 
there is not much of the sulphate, but they all act me- 
chanically. 

Tan and salt are the principal ingredients in some of the 
best of the foreign patents, which generally also contain some 
corrosive materials that are difficult to particularize and 
hazardous to use. 



THE END. 
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THEORY', FORMATION, AND CONSTRUCT 
OF BRITISH AND FOREIGN HARBOUB 

Copious Bxplanatoi-j test, illustrated hy numcrota examples, 3 Tola^ Vi 

The history of the most ancient maritime nations affords con- 
clusive evidence of the importftnco which they attached to the 
coustruclion of secure and estensive Harbours, as indispensably 
neMssary to the estension of commerce and navigation, and to the 
successful establishment of (;olonies in distant parts of the globe. 

To this important subject, and more especially with rcfcreiree to 
the vast estension of our commerce with foreign nations, the attett- 
tion of the British Government has of late years been worthily 
directed; and as this may be reasonably expected to eohanoe tJie 
value of any information which may add to our existing stock of 
knowledge iu a department of Civil Engineering as yet but impcrfectlr 
understood, ils contribution at the present time may become geucrally 
uscfal to the Engiaeetia^ Profession. 

^ne/Vafei are executed by the beat mec^)»nvcB.\ l.ivpmon, -, \.\_ ._ 
^^mh^Bder the direction of Mr. Pye: all tlic E'n^p"eenn^*^a>«^.^a 
^^M every explanatory detail for piolwaunial uie. 



NEW LIST OF WORKS. 



Ill octavo, cloth boards, price 9«. 

HYDRAULIC FORMULA, CO-EFFICIENTS, 

AND TABLES, 

For finding the Discharge of Water from Orifices, Notches, Weirs, 
Short Tuhes, Diaphragms, Mouth-pieces, Pipes, Drains, Streams, 
and Biyers. 

BY JOHN NEVIIaLE, 

ARCHITECT AND C K., MEMBER ROYAL IRISH ACADEMY, MEMBER INST. C. E. 

IRELAND, MEMBER GEOLOGICAL SOC IRELAND, COUNTY SURVEYOR OF 

LOUTH, AND OF THE COUNTY OF THE TOWN OF DROGHEDA. 

This work contains ahove 150 different hydrauHc formulae (the 
Continental ones reduced to English measures), and the most ex- 
tensive and accurate Tables yet pubHshed for finding the mean 
velocity of discharge from triangular, quadrilateral, and circular 
orifices, pipes, and rivers; with experimental results and co- 
efficients ; — effects of friction ; of the velocity of approach ; and of 
curves, bends, contractions, and expansions; — the best form of 
channel; — the drainage effects of long and short ^^eirs, 
AND weir-basins ; — extent of back-water from weirs ; contracted 
channels; — catchment basins; — hydrostatic and hydrauhc pres- 
sure; — water-power, &c. 



TREDGOLD ON THE STEAM ENGINE. 

Pablisbed in 74 Parts, price ^«. 6d. each, in 4to, illustrated by very numerQua 
engravings and wood-cuts, a new and much extended edition, now complete in 
3 vols, bound in 4, in elegant half-morocco, price Nine Guineas and a Half. 

THE STEAM ENGINE, 

IN ITS PROGRESSIVE AND PRESENT STATE OF IMPROVEMENT; 

Practically and amply elucidating, in every detail, its modifications 
and applications, its duties and consumption of fuel, with an 
investigation of its principles and the proportions of its parts for 
efficiency and strength ; including examples of British and American 
recently constructed engines, with details, drawn to a large scale. 

The well-known and highly appreciated Treatise, Mr. Tredgold's 

national Work on the Steam Engine, founded on scientific principles 

and compiled from the practice of the best makers — showing also 

easy rules for construction, and for the eBlcxs^vm <2il*^^>^^ss*^5t\! 

' aD eases — baS commanded a most e^temvN^ «a^fc '"vs^. ^^^ ^^^ 

' En^h editions, and in TransktioTia o\i \)cv^ ^^"^^"^^^^^-^,5^ 

editions being now out ofjprinty t\ie pTQ\«ve\.ox >&»& "^^"^^ ^"^°^ 
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TREDGOLD ON THE STEAM ENGINE. 

enlarge and extend the present edition hj practical ezii 
kinds, Tvith the most recent improvements in the const 
practical operations of the steam engine both at home an> 

The work is divided into the sections named heloi 
which may he purchased separately: working engine 
thus enabled to select those portions which more especis 
the objects upon which they may be respectively employi 

Several scientific men, extensively and practically em| 
contributed original and really practical papers of the utn 
by which the value of this extended edition is much in 
copious Index for reference is added. 

Division A. Locomotive Engines, 41 plates and 55 wood-cuts, caa 
VoL I. In half-morocco binding, price £2. 12«. Qd. 

Division B. Marine Engines, British and American, numerous pla 
cuts, making Vol. II.; bound in 2 vols, half-morocco, price £3, 

Division C to G. making Vol. III., and completing the wori 
Stationary Engines, Pumping Engines, Engines for Mills, and sei 
of Boilers employed in the British Steam Navy; in half-m 
£Z. IZs. 6d. 

LIST OF PLATES. 
DIVISION A. — LOCOMOTIVE ENGINES. 



Elevation of the 8-wheeled locomotive 
engine and tender, the Iron Duke, 
on the Great Western Railway. 

Longitudinal section of ditto. 

Plan, ditto. 

Transverse sections, ditto. 

Details of ditto: transverse section 
through working gear, transverse 
section and end view of tender ; plan 
and section of feed-pump ; plan and 
elevation of hand-pump; details of 
inside framing, centre axle, driving 
axle-hox, regulation-valve, centre- 
beam stay, &c. 

Elevation of Crampton's patent loco- 
motive engine and tender. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of ditto. 

Elevation of the Pyracmon 6-wheeled 
goods' engine on the Great Western 
Railway. 

Half-plan of the working gear of ditto. 

Elevation of a portion of the working 
gmr of ditto. 
I^Iajpyuaa, by /. SeweW, L. E., of re- 

Bhtaaeea per ion of the train ; and 
portkm of engines of the dau of the 



Great Britain locon 
ing tender, with variou 
various veloeities; all 
ditional resistance in t 
the train, when the enj 
to be added to the resii 
of the engine and tem 
loaded. 

Side and front elevation 
carriage engine, intro* 
Eastern Counties Rail 
Samuel, C. E., Resideni 

Longitudinal and cross 8< 

Plan of ditto ; with plan : 
cylinders, details and w 
full size. 

Elevation of the outside* 
engine made by Shar| 
Co., of Manchester, i 
Chester and Birmingha 

Section of cylinder and 
and part elevation of d 

Longitudinal section of d 

Plan of ditto. 
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TilYes of locomotive engines, — ^viz. 
fig. 1. stroke commences; fig. 2, 
steam-port open ; fig. 3, steam-port 
open ; fig> 4, steam-port open ; fig. 5, 
stroke completed, steam cut off, 
exhaustion commences ; fig. 6, stroke 
commences; fig. 7, steam-port full 
open; fig. 8, steam cut off; fig. 9, 
exhaustion commences; fig. 10, steam 
completed. 

Ditto, drawn and engraved to half-size : 
fig. 1, old valve, -ji^inch lap ; fig. 2, 
f-inch lap ; fig. 3, f -inch lap ; fig. 4, 
f-inch lap, Gray's patent; fig. 5, 
l-incfa lap. 

Elevation of a six-wheeled locomotive 
engine and tender. No. 15, con- 
structed by Messrs. Tayleur, Vulcan 
Foundry, Warrington, for the Cale- 
donian Railway. 

Longitudinal section of ditto. 

Plan of ditto, engine and tender, with 
cylindrical part of boiler removed. 

Elevations of fire-box, section of fire- 
box, section of smoke-box, of ditto. 

Elevations and sectional parts of ditto. 

Sectional parts, half-plan of working 
gear, ditto. 

Elevation of Messrs. Robert Stephenson 



and Co.'s six-wheeled patent loco- 
motive engine and tender. 

Longitudinal section of ditto. 

Plan and details of Stephenson's patent 
engine. 

Section of fire-box, section of smoke- 
box, front and back elevations of the 
same. 

Plan of a six-wheeled engine on the 
Birmingham and Shre\fsbury Rail- 
way, constructed by Messrs. Bury, 
Curtis, and Kennedy, Liverpool. 

Longitudinal section of ditto. 

Sectional elevation of the smoke-box, & 

Sectional elevation of the fire-box of 
ditto. 

Elevation of the locomotive engine and 
tender, Plews, adapted for high 
speeds, constructed by Messrs. R. & 
"W. Havirthom, of Newcastle-upon- 
Tyne, for the York, Newcastle, and 
Berwick Railway Company. 

Longitudinal section of ditto. This 
section is through the fire-box, boiler, 
and smoke-box, showing the tubes, 
safety-valve, whistles, steam and bla&t 
pipes, &c. 

Plan of ditto. 

Plan of the working gear, detfils, &c. 



Fortt/'One plates and fifty-five wood engravings. 



DIVISION B. MARINE ENGINES, &C. 



Two plates, comprising figures 1, 2, 
and 3, Properties of Steam. 

Plan of H. M. screw steam frigate 
Dauntless, constructed by Robert 
Napier, Esq. 

Longitudinal elevation and transverse 
section of ditto. 

Longitudinal section at AB on plan, 
longitudinal section at CD on plan 
of ditto. 

Engines of H. M. steam ship Terrible, 
constructed by Messrs. Maudslay, 
Sons, and Field, on the double- 
cylinder principle. Longitudinal sec- 
tions of engines. 

Transverse section and end view of ditto. 

Transverse section through boilers of 
ditto. 
Plan of engines, sliowiiig alio bunken, 

paddles, &c. 



Oscillating engines of the Peninsular 
and Oriental Company's steam vessel 
Ariel, constructed by John Penu 
and Sons. Longitudinal section. 

Section at engines of ditto. 

Section at boiler of ditto. 

Plan at boiler of ditto. 

Section at air-pump, and at cylinder. 

Annular cylinder engines of the iron 
steam vessels Princess Mart and 
Princess Maude, constructed by 
Maudslay, Sons, and Field. Longi- 
tudinal section. 

Transverse section at engines of ditto. 

Section at boilers of ditto. 

Plan of engines of ditto, showing 
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r<(>iigltiidintl lectJoD of the Simduu. 

Croii scciion of ditto. 

Ijiigine of the Kko Sotxr, side tivw 

and plan. 
LDD^tiidioal section of ditto. 

Sheer drauglit and plant of yesiel. 
i'lan of the engiue ol H.M. slenm frigate 

Paacmx. 
Longitudinal section of engine of ditto. 
Cross section of ditto. 
Engine of the Rnnv iteiun Tcsiel, de- 

Shcer disught tad plan of veisel. 
Flan of engine of the WilbekTobce, 

lloll Bod LondoD packet. 
Cross lectioii of ditto Bnd vessel. 
I^ODgltndinBlBectiau of engines ofditto. 
Elevation lA engines of ditto. 
Eo^nei of the BiiaiiNicB, Hou. L.I. 

Section of ditto. 

Sheer draught and plan, stern view, 
and liodT plan of vessel. 

Vieir of the fiBasNics, ichilst at sea. 

Boilers of H. M. ihips Heuibs, Spit- 
fire, and Fi&EFLT. 

Kingston's valves, as fitted on hoard 
les-goifg vessds for blov-otf in;ec. 
lion, and hand-pump sea viWes. 

Eoilers of H.M. steam vessel Af [tic A7f. 

Morgan's poddlc-wheels, as litlud in 
H.M.S. Mkdea. 

Side elevation ofditto. 

Plans of ujiper and loiver decks of 
ditla. 

Sheer draught and profile of ditto. 

ilorgan and Seaitard's paddle-wheel b, 
comparatively. 

Positions of a float of a radiating pad- 
die-nhcel in a vessel in motion, and 
posllioni of a float of a vertically 
acting wheel in a vessel in motion. 

Cfcloidal paddle-Rheela. 

Sailing of steamers in five points from 






T. F. Sceor & Co.. Engineers, 
York. Elevation and sectioa. 

Elevations of cylinder and crank entta. 

Steam cylinders, plans, and «:clirOii&. 

Saveral sections of detaili. ^^^t 

Details and sections. ^^M 

Details of pons. ^^^| 

"■lans and aectiona of condenMT, q^H 

plates, air-pump bucket, ftc ^^^ 
Details and sections, injection lalvan 
Details, plan and elevation of beaiiis. 

&c. 
Details, sections of parts, boilers, &c 

of the steam boat New Wohui. 
Sections, details, and paddles. 
Engines of the U.S. mail steamers Oiiis 

andGEOSGiA. Longitudinal ae 
Elevations and cross lectioni of dt 
Detaili of steam-clieiU, i 

valves, and valve gear of dittoT^ 
Section of valves, and plan of^ 

ditto. 
Bailers of ditto, section 
Engine of the U.S. b< 

Witch. Sectional elevaUoo. 
Steam-cheats and crlinden of di ' 
Boilers, sections, &c. ofditto. ^^ 

Boileis of the U. S. steamer PowaJOAM. 
Front view and sections of ditlo- 
Elevation of the Fittihui^ and Gn- 

cinnati American packet Buceeii'k 

Plan of the B 
Model, &c. of 

crass section at Hbeel-houNi I 

body plan. 
Plan and side elevation of diHo. . 
Sheer draught and plan, i 

plan, of the U. 3. i 

Sadanac. 
Longitudinal lectioo ofditto,. 

Engines of Ihc U. S. 



B Statu. 



Efffhty-fiet ensravhi'js and Jf/ltj-one woo' 




Elevation of the U. S. Vxentft 

packet engine. 
Plan of ditto. 
Boilers of ditto, end views. 
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TREDGOUD ON THE STEAM ENGINE. 
DIVISION C. TO G., FORMING VOL. III. 



STATIONARY ENGINES, PUMPING 

Side elevation of pumping engine, U. S. 

dock. New York. 
End elevttion of ditto. 
Elevation and section of the pumps, 

ditto. — 2 plates. 
Boilers of pumping engines, ditto. 
BoUen, Details, &c. of pumping engines, 

ditto. 
Plan of the boilers, ditto. 
Isometrical projection of a rectangular 

boiler. 
Plan and two sections of a cylindrical 

boiler. 
Bninton's apparatus forfeeding furnace- 
fires by means of machinery. 
Paits of a high-pressure engine with a 

4-passaged cock. 
Section of a double-acting condensing 

engine. 
Section of a common atmospheric en- 
gine. 
On the construction of pistons. 
Section of steam pipes and valves. 
Apparatus for opening and closing steam 

passages. 
Parallel motions. — 2 plates. 
Plan and elevation of an atmospheric 

engine. » 

. Elevation of a single-acting Boulton 

and Watt engine. 
Double-acting engine for raising water. 
Double-acting engine for .impelling 

machinery. 
Maadslay's portable condensing engine 

for impelling machinery. 
Indicator for measuring the force of 

steam in the cylinder, and diagrams 

of forms of vessels. 
Section of a steam vessel with its boiler, 

in two parts — diagrams showing fire- 
places — longitudinal section through 

boiler and fire-places. 
Isometrical projection of a steam-boat 

engine. 
Plan and section of a steam-boat engine. 
Ten horse-power engine, constructed 

by \V. Fairbaim and Co.— 4 plates. 
Torty-Sve horse-power engine, con- 

ttracted by W. flsirbairn & Ca — 
3 plates. 

Plan and section o£ boiler for a 20.horae 



ENGINES^ MARINE BOILERS, &C. 

eng^e, at the manufactory of Whit- 

worth & Co., Manchester. 
Messrs. Hague's double-acting cylinder, 

with slides, &c. 
Sixty-five-inch cylinder, erected by 

Maudslay, Sons, and Held, at the 

Chelsea Water-works. — 5 plates. 
Beale's patented rotary engine. 
Double-story boilers of H.M.S. Dstas- 

TATION, 400 H. P. 
Refrigerator feed and brine pumps. 
Feed and brine apparatus, as fitted on 

board the West India Royal Mail 

Company's ships. 
Boilers of H. M. steam sloop Basiubk, 

400 H. P. 
Boilers of the Singapore, 470 H.P., 

Peninsular and Oriental Company. 
Original double-story boilers of the 

Great Western. 
Telescopic chimney, or sliding fimnet, 

of H. M. ship Hydra, 220 H.P. 
Seaward's patent brine and feed valves. 
Boilers of H. M. mail packet Undine, 

(Miller, RavenhiU, & Co.) 100 H. P. 
Cross sections of engines of H. M..nuul 

packet Undine. 
Longitudinal elevation of ditto. 
Brine-pumps as fitted on board n.M.S. 

Medea, 220 H. P. (Maudslay, Sons, 

and Field.) 
Boilers of H. M. S. Hydra, 220 H. P. 
Plan of the four boilers, with the sup- 
plementary steam-chests and shut-oif 

valves, of the Avenger. 
Boilers of H. M. steam ship Niger, 400 

H. P., fitted by Maudslay, Sons, and 

Field. 
Experimental boiler, Woolwich Yard. 
Boilers of H.M.S. Terrible, 800 H.P. 

(Maudslay, Sons, and Field.) 
Boilers of the Minx and Teaser, 100 

H. P. (transferred to Wasp.) 
Boilers of the Sams jn, 450 H.P. 
Daniel's pyrometer, full size. 
Boilers of the Desperate, 400 II. P. 

(Maud&la.^, &^ ^ «a&d ^\rX.^.\ 
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Boilers of the Hoyal Mail steam ships 
Asia and Africa, 768 H.P., con- 
structed by R. Napier, Glasgow. 

Longitadinal and midship sections of 
ditto. 

Boilers of H.M.S. La Hogue, 450 H.P. 
(Seaward & Co.) 

H.M.S. SiDON, 560 H.P. Plan of 
telescope funnel. 

Boilers of H. M. S. Brisk, 250 H.P. 

Copper boilers for H. M. S. Sans- 
PAREiL, 350 H.P. (James Watt & 
Co.^ 

American marine boilers, designed and 
executed by C. W. Copeland, Esq., 
of New York, as fitted on board the 
American packets. 

Midship section of the hull of the steam 
packet Pacific, New York and 
Liverpool line. 

Eleyation of pumping engines of the 
New Orleans "Water-works, U. S., ar- 
ranged and drawn by £. W. Smith, 
Engineer, constructed at the Allaire 
"Works, New York. 

Elevation of pumps and valves, chests, 
geariny , &c. 

Elevation at steam cylinder end. 

General plan of a turbine water-wheel 
in operation at Lowell, Massachusets, 
U.S., by J. B. Francis, C.E. 

Elevation of ditto. Section of ditto. 

Plan of the floats and guide curves, 
ditto. 



Large self-acting surfacing and serew- 
propeller lathe, by Joseph "Whitwoith 
& Co., Manchester. 

Longitudinal section, showing arrange- 
ment of engine-room for disc engine 
applied to a screw propeller, and 
Bishop's disc engine, by 6. & J. 
Rennie, with details. 

Arrangement of engine-room forengines ' 
of 60 horse-power, for driving pro- 
pellers of H. M. steam vessels Rbt- 
NARo and Cruiser, constructed by 
Messrs. Rennie. Longitudinal sec- 
tion and engine-room. 

Ditto. Transverse section at boilers 
and at engines. 

Very elaborate diagrams showing ex- 
periments and results of various pad- 
dle-wheels. — 8 plates. 

Steam flour-mills at Smyrna, con- 
structed by Messrs. Joyce & Co. 
Double cylinder pendulous condens- 
ing engine, side elevation. 

Side elevation, horizontal plan, ditto. 

Longitudinal section. 

Horizontal plan of mill-house and 
boilers. 

Transver&e section through engine* 
house and mill. 

Boilers, longitudinal and transverse 
* sections, front view. 

Section through mill- stones, elevatioa 
of upper part, section of lower part, 
plan of hopper, &c 



SUMMARY OF THE ILLUSTRATIONS. 

Plates. 

Vol. I. Locomotive Engines 41 

II. Marine Engines 85 

III. Stationary Engines, Pumping Engines, Engines 
for Flour-Mills, Examples of Boilers, &c., &c. . 



Total 



100 
226 



Wood-euto* 
55 
51 

58 

164 



FULL-LENGTH PORTRAIT OP 

HENRY CAVENDISH, F.RS. 

bme few India paper proofs, befote t\i^ \eiW«t%, ^l V>ma t^udonfiu^ 
Philosopher and Chemist, to \« \»^ l?x\e^ "^^ ^* 
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HINTS 



TO 



YOUNG ARCHITECTS 



OOMFBIBINa 

IDYICE TO THOSE WHO, WHILE YET AT SCHOOL AEE DESTINED 

TO THE PROFESSION; 

I SUCH AS, HAVING PASSED THEIR PUPILAGE, ARE ABOUT TO TRAYEL 

AND TO THOSE WHO, HAYING COMPLETED THEIR EDUCATION, 

ARE ABOUT TO PRACTISE: 

TOOBTHKB WITH 

A MODEL SPECIFICATION: 

tolving a great variety op instructive and suggestive matter^ 
calculated to facilitate their practical operations; 

and to direct them in their conduct, as the responsible 

agents of their employers, 

and as the rightful judges of a contractor's duty. 
By GEOEGE WIGHTWICK, Architect. 

CONTENTS : — 



'reUminary Hints to Young Archi- 
tects on the Knowledge of 
Drawing. 
)n Serving his Time. 
>n Travelling. 
Lis Plate on the Door. 
Orders, Plan-drawing, 
^n his Taste, Study of InterlorsL 
nterior Arrangements. 
Vanning and Ventilating, 
louse Building, Stabling. 
Cottages and Villas, 
ledel Specification :— 

General Clauses. 

Foundations. 

WeU. 

Artificial Foundations. 

Brickwork, 
Rubble Masonry with Brick 



Model Specification : 
Stone-cutting. 

1 Grecian or Italian onlj. 

— , Gothic only. 
Miscellaneous. 
Slating. 
Tiling. 

Plaster and Cement- work. 
Carpenters' Work. 
Joiners* Work. 
Iron and Metal- work. 
Plumbers* Work. 
Dnunage. 
Well-digging. 

Artificial Levels, Concrete, 
Foundations, Piling and 



Jdingled. 

Extra cloth boa^s, '^t\<^ ^*< 



-.r- t^' 
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ASTRONOMICAL ANNUAL FOR 1854. 

COMFEUdSG ' 

I. The Ephemerides. 

II. On the Cpmetic Mysteries, by Professor A. Crestadora, wilh Plates^ 
III. Notice of the Biography of J. S. Bailly. 

Price It, 



THE WORJK ON 

BRIDGES OF STONE, IRON, TIMBER, 

AND WIRE. 

In 4 Vols., bound in 3, described in the larger Catalogue of Publicatioos ; to 
which the following is the Snpplement, now eompleted, entitled 

SUPPLEMENT TO " THE THEORY, PRACTICE, AND 
ARCHITECTURE OF BRIDGES OF STONE, IRON, 
TIMBER, WIRE, AND SUSPENSION,' 



19 



In one large Svo volume, with explanatory Text and 68 Plates, compriring 
details and measared dimensions, in Parts as foUows : — 





Part I. 
„ IL . 
« IIL . 
„ IV, • 
„ V. &VL . 


• 

> « 

• 
■ 


• • 
» • 


4 

« 
< 




6t. 

10«. 
20«.. 










« 

m 


half-morocco, uniform wit 
different patter 


h the 
nati 


larger 
he same 


wc 

p 


rice 


price 


2/. 


10a, 


or 


ins 



LIST OF 

Cast-iron girder bridge, Ashford, Rye 

and Hastings Railway. 
Details, ditto. 
Elevation and plan of truss of St. 

Mary's Viaduct, Cheltenham Rail- 

Iron road bridge Cfver the Railway at 
dmikFnrau ' 



PLATES. 
Mr. Fairbaim's hollow-girder bridge 

at Blackburn. 
Waterford and Limerick Railway triM 

bridge. 
Hollow-girder bridge over the Rirer 

Medlock. 
Railway \nv\%<^ o^cs la^nes of 
1 'Vemee. 
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; Beangency, Orleans and 

lilway. 

)t-iron bridge, on the system 

)lonceau, over the Canal St. 

Extension Kaihray, Com- 

doad bridge. 

irged elevation of outside 

with details. 

lUs. 

), and sections. 

), ditto. 

and Windsor main line, 
ver the Thames, 
ils. 

), and sections, 
d Bordeaux Railway bridge, 
ions and details. 
Havre Railway timber bridge, 
ils. 

), and sections. 
: the Valley of Malanncey, 
len. 

suspension bridge over the 
; Suresne, department de la 

suspension foot bridge at 
le. 

I bridge over the Douro, iron 
pension cables, 
ils. 

nd South -"^Vestem Railway 
ver the water of Ayr. 
ions and details. 
i cities of Ofen and Pesth. 
nd soundings of the River 

lal section of framing. 
T-dam. 

framing of coffer-dam. 
• Nos. 2 and 3 of coffer-dam. 
lo. 3 coffer-dam and ice- 

• 

elevation of the construction 
affolding, and the manner of 
the chains. 



Line of soandings, — dam longitudinal 

sections. 
Dam sections. 

Plan and elevation of the Pesth suspen- 
sion bridge. 
Elevation of Nos. 2 and 3 coffer-dams. 
End view of ditto. 
Transverse section of No. 2 ditto. 
Transverse section of coffer-dam, plan 

of the 1st course, and No. 3 pier. 
Vertical section of Nos. 2 and 3 piers, 

showing vertical bond-stones. 
Vertical cross section of ditto. 
Front elevation of Nos. 2 and 3 piers. 
End elevation of ditto. 

Details of chains. ^Ditto. 

Ditto and plan of nut, bolt, and retain- 

ing-links. 
Plan and elevation of roller-frames. 
Elevation and section of main blocks 

for raising the chains. 
Ditto, longitudinal section of fixtnie 

pier, showing tunnel for chains. 
Plan and elevation of retaining-plates, 

showing machine for boring holes for 

retaining-bars. 
Retaining link and bar. 
Longitudinal plan and elevation of cast- 
iron beam with truss columns. 
Longitudinal elevation and section of 

trussing, &c. 
Plan of pier at level of footpath. 
Detail of cantilevers for supporting the 

balconies round the towers. 
Elevation and section of cantilevers. 
Detail of key-stone & Hungarian arms. 
Front elevation of toll-houses and vring 

walls. 
Longitudinal elevation of toR-home, 

fixture pier, vnng wall, and pedestal. 
Vertical section of retaining-piers. 
Section at end of fixture pier, showing 

chain-holes. 
Lamp and pedestal at entrance of 

bridge. 
Lamp and-pedestal at end of wing waRs. 



sold from the above in a volume, price half-bound in morocco JSl. 12a. 

30UNT, with lUastrations, of the SUSPENSION 
.^IDGE ACROSS the EIV^S. \>K^\yS^, 

WILLIAM TIEENEY CI^ABXL, C.^.. ^.^..^• 

fflth Forty Engrovinyi* 





THE ENGINEER'S AND CONTRACTOR'^B 


H POCKET BOOK, ^M 


^fe 'WITH AN ASTEONOHICAL ALMANACE^^^ 


^V ItE\lSBD FOR 1854. la noiocco laci., price G>. ^^H 


CONTENTS, ^^H 


Air. Air in moUoa (or iviiid),and nind- 




inillB. 


sent and former measures of capaoitj. 


Alloys for bronze i MiaCElUiieouB Btlop 


Continuous bearing. 




Copper pipes, Tnhlc of the weigltf of, 


Allojs of copper »nd zinc, and of 


Table of the bore and weight of coa:» 


copper and tin. 


for. 


AlmanftEk for 1852 and 18.>3. 


Copper, weight of a lineal foot of, ntind 


AmwicBn rulroads ; bleam vesseli. 


and..ju^e. 


Areas of the segments of a circle. 


Cornish pumping enginoi. 


jlmisirong (R.), lus operimcut on 


Cotton mill-, Colloa press. 


boilers. 


Current coin of the principal commerdal 


Astronomical pbcnomeaa. 


countries, witb their weight and i^ 


Baliasliog. 


lalite value in British money, ^^m 


Barlow's (Mr.) ciperimeDls. 


Digging, weU^uking, &c. ^H 


Barrel drains aod culverts. 


Docks, dry, at Greenock. ^H 


Uell-h anger's prices. 


Draining by steam power. ^^H 


illowinE > bliist i»g>ne. 


Dredging machinery. ^^| 


Boilers and engines, proportions of; 


UvTABF, Table of eiperimeutg nijOl 


Furnaces and chimneys: Marine. 


11. M. screw steam tender. 


Boisut'a experimcnU on the tliapharge 




of water by boriionlal conduit or 


of contenW, Sic. 






Brass, weight of a Uncal foot of, rounil 


malleable iron, by Mr. Barlow j op 




angle and T iron bars. 


nreen (Uugb), bis almanack. 


Fairbaira ^Wm.), on the eiiniuin 


Uricki. 


action of sleain, and a new coiisttnc- 


Bridges and viadncU; Bridges of brick 


lion of eipansion salves forcondan*. 


nnd stonaj Iron britlgesj Timber 


ing steam engines. 


bridges. 


rest reduced to links and decimlU. 


Bun's (Mr.) agency for the lale of pre- 


Fire-proof flooring. 


served limber. 


Flour-mills. 


Cask and malt gauging. 


Fluids in motion. 


Cast-iron binders or Joints; Columns, 


Francis {J. B., of Lowell, Massacliusub), 


formate of; Columns or cylinders, 


his water-wheeL 


Table of diameter of; Hollow co- 


French measures. 


lumns, Table of the diameters and 


Friction. 


thicknessofmelalof! Girders, prices 


Fuel, boilers, furnaces, &c. 


of; Stancheons, Table of, sWenglh 


Furnaces aod boilers. , 


of. 


Galvanized tin iron shscls in London , 


Chairs, Ubles, waghu, &c ' 


or Liserpool, list of caugea ud. , 


Chatham limestone. 


weights of. 








Glynn (Joseph), F.U.S., on tntUu 




flaler-wbeeU. ^^_ 


^ •'feoking. l\a«ta\ii V»'.. -^V titQttiD,Jiut.2H 




or, strength of. \ Heii,V'^»'»A'» ^^ >■■»«■ '«e«»'*^^M 
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Hexagon heads and nuts for bolts, pro- 
portional sizes and weights of. 

Hick's rule for calculating the strength 
of shafts. 

Hodgldnson's (Eaton) experiments. 

Unngerford Bridge. 

Hydntulics. 

Hydrodynamics. 

Hydrostatic press. 

Hydrostatics. 

Imperial standard measures of Great 
Britain; Iron. 

Indian Nayy, ships of war, and other 
vessels. 

Institution of Civil Engineers, List of 
Members of the, corrected to March 
15, 1852. 

Iron balls, weight of cast ; bars, angle 
and T, weight of; castings; experi- 
ments; ho^p, weight of 10 lineal 
feet; lock gates; roofs; tubes for 
locomotive and marine boilers; 
weights of rolled iron. 

Ironmonger's prices. 

Just's analysis of Mr. Dixon Robinson's 
limestone. 

Latitudes andlongitudes of the principal 
observatories. 

Lead pipes, Table of the weights of. 

LesUe (J.), C.E. 

Lime, mortaj*, cements, concrete, &c. 

Limestone, analysis of. 

Liquids in motion. 

Locomotive engines; Table showing 
the speed of an engine. 

Log for a sea-going steamer, form of. 

Machines and tools, prices of. 

Mahogany, experiments made on the 
strength of Honduras. [wheels. 

Mallet's experiments on overshot 

Marine boilers ; engines. 

Masonry and stone-work. 

Massachusets railroads. 

Mensuration, epitome of. 

Metals, lineal expansion of. 

Morin's (CoL) experiments. 

Motion ; motion of water in rivers. 

!Nails, weight and length. 

Navies — of the United States ; Indian 
Navy ; Oriental and Peninsular Com- 
pany; British Navy; of Austria; 
Denmaik ; Naples ; Spain ; France *, 
Germanic Con/ederation ; Holland -, 
Portugal; Prussia; Sardinia t Swe* 



\ 



den and Norway; Turkey; Russia 
Royal West India Mail Company's 
fleet. 

New York, State of, railroads. 

Numbers, Table of the fourth and fifth 
power of. 

Paddle-wheel steamers. 

Pambour (Count de) and Mr. Pnrkes' 
experiments on boilers for the pro- 
duction of steam. 

Peacocke's (R. A.) hydraulic experi- 
ments. 

Pile-driving. 

Pitch of wheels. Ta1}Ie to find the dia- 
meter of a wheel for a given pitch of 
teeth. 

Plastering. 

Playfair (Dr. Lyon), 

Preserved timber. 

Prices for railways, paid by H. M. 
OfSce of Works ; smith and founder's 
work. 

Prony's experiments. 

Proportions of steam engines and boil- 
ers. 

Pumping engines; pumping water by 
steam power. 

Rails, chairs, &c.. Table of. 

Railway, American, statistics; railway 
and building contractor's prices ; car- 
riages. 

Rain, Tables of. 

Rammell's (T. W.) plan and estimate 
for a distributing apparatus by fixed 
pipes and hydrants. 

Rennie's (Mr. Geo.) experiments ; (the 
late J.) estimate. 

Roads, experiments upon carriages tra- 
velling on ordinary roads ; influence 
of the diameter of the wheels ; 
Morin's experiments on the traction 
of carriages, and the destructive ef.i 
fects which they produce upon roads. 

Robinson (Dixon), his experiments and 
material. 

Roofs ; covering of roofs. 

Ropes, Morin's recent experiments on 
the stifi'ness of ropes ; tarred ropes ; 
dry white ropes. 

Saw-milL 

Screw steamers. 
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Signs and abbreviations used in arith- 
metic and mathematical expressions. 

Slating. 

Sleepers, quantity in cubic feet, &c. 

Smeaton's experiments on wind-mills. 

Smith and founder's prices. 

Specific gravity, Table of. 

Steam dredging ; Navigation ; Tables 
of the elastic force ; Table of Vessels 
of vrar, of America ; of England ; of 
India ; and of several other maritime 
nations. 

Steel, weight of round steeL 

Stone, per lb., stone, qr,, cwt., and ton, 
&C., Table of the price. 

Stones. 

Strength of columns ; Materials of con- 
struction. 

Sugar-mill. 

Suspension aqueduct over the Alleghany 
River ; Bridges over ditto. 

Table of experiments with H. M. screw 
steam tender Dwarf ; of gradients ; 
iron roofs; latent heats; paddle- 
wheel steamers of H. M. Service and 
Post-Office Service; pressure of the 
vnnd moving at given velocities; 
prices of galvanized tinned iron 
tube; specific heats; the cohesive 
power of bodies ; columns, posts, &c., 
of timber and iron ; the comparative 
strength, size, weight, and price of 
iron-wire rope (A. Smith's)* hempen 
rope, and iron chain ; corresponding 
velocities with heads of water as 
high as 50 ft, in feet and decimals ; 
dimensions of the principal parts of 
marine engines; effects of heat on 
different metals; elastic force of 
steam; expansion and density of 
water; expansion of solids by in- 
creasing the temperature; expan- 
sion of water by heat ; heights cor- 
responding to different velocities, in 
French metres; lineal expansion of 
metals ; motion of water, and quan- 
tities discharged by pipes of dif- 
ferent diameters; power of metals, 
&c.; pressure, &c., of wind-mill sails; 
priacipal dimensiona of 28 merchant 

steamers with screw propeUeia; ol 
steamers with paddle-wheela ; pro- 
MT^tsire, dUatdUoa of metals by heat, 

^/ iXropoTtioD of real to theoxetaca. 



discharge through thiiin 
fices; quantities of wata 
feet, discharged over a 
minute, hour, &c. ; relat 
and strength of ropes ai 
results of experiments on i 
of unctuous surfaces ; se 
posts of oak ; size and weJ 
laths; weight in fts. requii 
l^-inch cubes of stone, 
bodies; weight of a liDf 
cast-iron pipes, in Iba.; v 
lineal foot of flat bar in 
weight of a lineal foot <:i 
round bar iron ; weight < 
ficial foot of various meti 
weight of modules of d 
various metals ; velodtifli 
wheals of different diamel 
per minute, and Britiah tti 
per hour; the dimennoni 
price per cubic yard, of 
principal bridges or viad 
for railways ; the height a 

. ing point at different hd 
find the diameter of a w 
given pitch of teeth, &c 

Tables of squares, cubes, a 
cube roots. 

Teeth of wheels. 

Temperature, the relative ind! 
by different thermometers. 

Thermometers, Table of con 
different. 

Timber for carpentry and jo 
poses; Table of the pro 
different kinds of. 

Tin plates, Table of the weig 

Tooh and machines, prices o: 

Traction, Morin's experiment 

Tredgold's Rules for Hydrai 
Eytelwein's Equation. 

Turbines, Report on, by Jom 
and others. 

Values of different materials. 

Water-wheels. 

Watson's (H. H.) analysis of 
from the quarries at Chatb 

Weight of angle and T inn 
woods. 
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[Mr., of Cowes) experiments 
nduras mahogany, 
d's (Thos.) experiments on 
aporating power of different 
)f coal. 



Wind-mills ; of air, air in motion, &c. 
Woods. 

Wrought iron, prices of. 
Zinc as a material for use in house- 
building. 



In one Volume 8vo, extra cloth, bound, price 9«. 

STUDENT'S GUIDE TO THE PRACTICE 
DESIGNING, MEASURING. AND VALUING 
ARTIFICERS' WORKS; 

ing Directions for taking Dimensions^ abstracting the same^ 
)ringing the Quantities into Bill ; with Tables of Constants^ 
:opious memoranda for the Valuation of Labour and Materials 
e respective trades of Bricklayer and Slater, Carpenter and 
sr. Sawyer, Stonemason, Plasterer, Smith and Ironmonger, 
tber. Painter and Glazier, Paper-hanger. Thirty-eight plates 
vood-cuts. 

easuring, &c., edited by Edward Dobson, Architect and 
jyor. Second Edition, with the additions on Design by 
ACY Garbett, Architect. 

CONTENTS. 



NABT ObSEBVATIONS ON De- 

^G Artificers' Works. 
iminary Observations on Mea- 
;nt, Valuation, &c. — On mea- 
— On rotation therein — On 
iting quantities — On valuation 
the use of constants of labour. 

KLAYER AND SLATER. 

OP Brickwork — technical 
&c. 

delations — Arches, inverted 
ect — Window and other aper- 
^ads — Window jambs — Plates 
internal cornices — String- 
3 — External cornices — Chim- 
afts — On general improvement 
.:k architecture, especially fe- 
;ion. 

EMENT. 

liggers' work — Of brickwork, 
QgS, &c. 

)F TiLiNOj and technicalterms. 
iurewent of Tiling — Example 
ode of keeping the meaiarinp;- 
• brickwork. 



Abstracting Bricklayers' and Ulers' 
work. 

Example of bill of Bricklayers' and 
Tilers' work. 

Valuation of Bricklayers' work, 
Earthwork, Concrete, &c. 

Table of sizes and weights of vari- 
ous articles — Tables of the numbers 
of bricks or tiles in various works — 
Valuation of Diggers' and Bricklayers' 
labour — Table of Constants for said 
labour. 

Examples of Valuing. 

1. A yard of concrete. — 2. A rod 
of brickwork. — 3. Afoot of facing. — 
4. A yard of paving. — 5. A square of 
tiling. 

Design, Measurement, and Valu- 
ation OF Slating. 

C.VRPENTER AND JOINER. t 
Design ov Cksjtbs.'^vi — \m!Sqcki£98^^ 



w 



DESIGNINO, MEASURING, AND 

and right nie — SuljaHhites for girders 
Bull quBtter-partitions — Qunncr-pui- 
titiom — Roiif-ftsining — Gieat waste 
In pj-eieat vommon model of ruof- 
friiniiis — To dcl«miine the right 
mode of subdividing the weight, and 
llie right number! of bearers for 
leaded roofs — The lame for oilier 
roofs — Principle of the truss — Cod. 
siderations that determiiie its right 
pitch — IntEmal dlhng or tracery of 
IrusBes — CoUnr-bcam trussea— Con- 
nection of the ports of trnsBcs — Vari- 
ations on the tmss; right limili 
thereto — To avoid fallacious trussing 
and roof-framing — Deiorme'a roof- 
ing; its econom; on circular plans — 
Usriol property of regular polygnnnl 
plans — On comhinatiLns of roofing, 
hips, and valleys — On gntters, their 
use and abuse — Mansorde or curb- 

Desicn of JoiNLRV — technksl terms, 

Ktodes of flnishing and decorating 
panel-work — Design of doors. 
Meagureuent of Carpenters' and 
Joiners' work— Abbreviotiona. 

Modes of measuring Csrpenfpra' 
worii — Clossilication of labour when 
measured ^ith the timber — ClassiG- 
cation of iBbODT and noils when mea- 
sured EepBrately from tlie limber. 

DkauplKS of MEAEDII.EUBKT, OTch 

centerings. 

Hrackeling to sham entablature), 
glitters, sound - boarding, chimney, 
grounds, sliKm pliaths. aham pilas- 
ters, flaor-boarding, mouldings — 
Doorcases, doors, doorway linlnp — 
Dado or lurbase, its best construc- 
tion — Sashes and sasb-fnuoei (ei. 
smples of measurement)— Shutter?, 
boilngs, and other window fitcings 
— Staircases and their fittings. 
AusTR*CTiNG Carpenters' and Joinera' 
work. 

Example of Dill of Carpenters' aad 
Joiuers' «Drk. 
Valbation of Carpeotca' uaA Joiners' 
Bori, jl/emoranda. 
Tablet of numbers and weights. 
• iir.yt or CoKsTAjt-rs of Labour, 
Jloofs, naked floors—Quartei-pu- 



WORKS. 

titions — Labour on fir, per foot nubc 
— Eiample of the valuation of ijMl» 
or battens — Constants of labour on 
deals, per foot superficial. 
Constants or Labohb, and of Mill, ' 
tL'parately. 

On battening, weather boarding — 
Rough hoarding, deal doors, ballen 

-AEotja AND Nails together. 

On grounds, skirtings. gulWff, ; 
doorway-linings— Doors, framed j»i- 
tiliona, mouldings — Window-flttingt 
— ShuLten, sashes aud frames, Mk- 
cases— Staircase fittings, iraU-itriBp 
— Dados, sham columns and piluten. 



MASON. 

Lesion or Stohehasons' troREi 
Dr. Robison on Greek and GvlHit 
Architecture — Great fnllacy ia tlw 
Gothic orDanieatiitlon,ivhich let) llw 
to the modem 'monkey styles' — 
. n ,_.. , _. jj p„,e„a[ion. 



of Stonemasan'i work. 
Example of measurmg a iplndril 
step, three methods — Allowance Cm 
lalKiur not seen in finished atou— 
Abbreiiations — Specimen of tit 
mensQiing-bnok — Stairs — Landing! 
■ — Steps — Copi ng — Slriug-cou 
Plinths, window-sills, curbs 
lumus, entablatures. 



Table of weight of stone — 
of Constants ot Labour— " 
of Bill of Masons' work. 

PLASTERBH. 

□eSIGM of Pl.ABTEB-WOItl 

and moek Arcliitecture. .^^ 

Ceilings and their tises — Cin? 
cessary disease aud death traced In 
their misconstruction — Sanitoiyw- 
qiiiremeuts for a right ceiling — Con- i 
diiions to lie observed to render do- 
mestic ceilings innoxious — Ditto, fie 
ceilings of pubhc buildiogs — B•^■ 
i ihift! necessitated bj n 
_ -■Xtfinviai M ■ " 



\ coffins - 



r 
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Abbremtioss ^- Abitracting of 

tPlastonen' work — Example of Bill 
of Plasterers' work. 
Taluation. 
Memoranda of quantities of ma- 
k terials — Constants of Labour. 

P SMITH AND FOUNDER. 
Oar THB Use of Metal-work in 

AsCBirSCTUBE. 

Iron not rightly to be used much 
Bore now than in the middle ages — 
Substitutes for the present extrava- 
gant use of iron — fire-proof (and 
sanitary) ceiling and flooring — Fire- 
proof roof -framing in brick and iron 
— Another method, applicable to 
hipped roofs — A mode of untrussed 
roof-framing in iron only — A prin- 
ciple for iron trussed roofing on any 
plan or scale — Another variation 
thereof — On the decoration of me- 
tallic architecture. 



Measurement of Smiths' and Foun- 
ders' work. 

PLUMBER, PAINTER, 
GLAZIER, &c. 

Design, &c. of Lead-work. 
Measvremrnt of Paint-work — 

Abbreviations. 

Specimen of the measuring-book 

— Abstract of Paint-work — Example 

of Bill of Paint-^Tork. 
Valuation of Paint-work. 

Constants of Labour — Measnre- 

roent and Valuation of Glazing — 

Measurement and Valuation of 

Paper- h an gin g. 

APPENDIX ON WARMING. 

Modifications of sanitary construction 
to suit the English open fire — 
More economic modes of wanning in 
public buildings — Ditto, for private 
ones — Warming by gas. 



In 12mo., price 5«. bound and lettered, 

THE OPERATIVE MECHANIC'S WORKSHOP 

COMPANION, AND THE SCIENTIFIC 

GENTLEMAN'S PRACTICAL ASSISTANT; 

ComprbiDg a great variety of the most useful Rules in Mechanical 
Science, divested of mathematical complexity; with numerous 
Tables of Practical Data and Calculated Results, for facilitating 
Mechanical and Commercial Transactions. 

BY W. TEMPLETON, 

AUTHOR OF SEVERAL SCIENTIFIC WORKS. 

Third edition, with the addition of Mechanical Tables for the use 
of Operative Smiths, Millwrights, and Engineers ; and practical 
directions for the Smelting of Metallic Ores. 



2 vols. 4to, price £ 2. 16«., 

CARPENTRY AND JOINERY; 

Containing 190 Plates ; a work 8\nta\Ae to C«r^|e?DL\K«» «c^"^NS^^5e 
comprising Elementary and Practvcul Cw^^oxi^ ,\>s«JeQS.\» ^*s5c&s: 
2u the ColoDiea. 
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THE AIDE-MEMOIRE TO THE MILITARY 

SCIENCES, 

Framed from Contributions of Officers of the difiPerent Servioea, i 

edited by a Committee of the Corps of Royal Engineers. 1 

work is now completed. 
Sold in 3 vols. £ 4. 10*., extra cloth boards and lettered, or in 6 Parts, as foBo 



Part I* 


A. to D., NEW EDITION 


. 14 





II. 


D. toF 


. 16 





III. 


F.toM 


. 16 





IV. 


M. to P 


. 14 





V. 


P. to R 


. 16 





VI. 


R. to Z 


. 1 
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In 1 large Volume, with numerous Tables, Engravings, and Cuts, 

A TEXT BOOK 

For Agents, Estate Agents, Stewards, and PnTate Geotlen 
generally, in connection with Valuing, Surye3dng, Buildi 
Letting and Leasing, Setting out, disposing, and particoli 
describing all kinds of Property, whether it be Land or Pera 
Property. Useful to 
Auctioneers Assurance Companies Landed Proprie 

Appraisers Builders Stewards 

Agriculturists Civil Engineers Surveyors 

Architects Estate Agents Valuers, &c. 



In 1 vol. large 8vo, with 13 Plates, price One Guinea, in half-morocoo bind 

MATHEMATICS FOR PRACTICAL MEN: 

Being a Common -Place Book of PURE AND MIXED MAT] 
MATICS ; together with the Elementary Principles of Engineer] 
designed chiefly for the use of Civil Engineers, Architects, 
Surveyors. 

BY OLINTHUS GBEGORY, LL.D., F.R.A.S. 

Tliird Edition, revised and enlarged by HENRY LAW, Civil Engineer. 

CONTENTS. 

PART I. — PURE MATHEMATICS. 

CHAPTER I. ARITHMETIC. I SkCT. ^ 

SscT. \ ^* Division of whole nnmben 

/. jbeSnitioDS and notation. \ "Ptooi ^1 ^t %wX iwa xsii 

2. Addition of whole numbers. \ kc\OtwQfc>aR. 

btraction of whole numbers. \ ^. N^\^a ^^^*— "^^ 
fUplicatioB of whtole numbers. \ ^^ imtooT».— JwiiSk 
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subtraction of vulgar fractions. 
— Multiplication and dlTision 
of Yulgar fractions. 

Decimal' fractions. — Reduction of 
decimals. — Addition and sub- 
traction of decimals. — Multipli- 
cation aiid division of decimals. 

Complex fractions used in the arts 
and commerce. — Reduction. — 
Addition. — Subtraction and 
multiplication. — Division. — 
Duodecimals. 

Powers and roots. — Evolution. 

Proportion. — Rule of Three. — De- 
termination of ratios. 

Logarithmic arithmetic. — "Use of 
tiic Tables. — Multiplication and 
division by logarithms. — Pro- 
portion, or the Rale of Three, 
by logarithms. — Evolution and 
involution by logarithms. 

Properties of numbers. 

CHAPTER II. — ALGEBRA. 

Definitions and notation. — 2. Ad- 
dition and subtraction. — 3. Mul- 
tiplication.^-4. Division. — 5. In- 
volution. — 6. Evolution. — 7. 
Surds. — Reduction. — Addition, 
subtraction, and multiplication. 
— ^Division, involution, and evo- 
lution. — 8. Simple equations. — 
Extermination. — Solution of 
general problems. — 9. Quadratic 
equations. — 10. Equations in 
general. — 11. Progression. — 
Arithmetical progression. — Geo- 
metrical progression. — 12. Frac- 
tional and negative exponents. — 
13. Logarithms. — 14. Computa- 
tion of formulae. 

CHAPTER III. — GEOMETRY. 

Definitions. — 2. Of angles, and 
right lines, and their rectangles. 

PART II.— MIXED 

VITER!. — MECHANICS IN GENERAL. 
CHAPTER II. STATICS. 

Statical equilibrium. 
Centre of gravity. 

General application of the prind- 
ples of statics to the cquihbriuni 



Sect. 

— 3. Of triangles. — 4. Of qua- 
drilaterals and polygons. — 5. Of 
the circle, and inscribed and cir- 
cumscribed figures. — 6. Of plans 
and solids. — 7. Practical geo- 
metry. 

CHAPTER rV. MENSURATION. 

1. Weights and measures. — 1. Mea- 

sures of length. — 2. Measures 
of surface. — ^3. Measures of so- 
lidity and capacity. — 4. Mea- 
sures of, weight. — 5. Angular 
measure. — 6. Measure of time. 

— Comparison of English and 
French weights and measures. 

2. Mensuration of superficies. 

3. Mensuration of solids. 

CHAPTER Y. — TRIOONOMETRT. 

1. Definitions and trigonometrical 
formulie. — 2. Trigonometrical 
Tables. — 3. General proposi- 
tions.— 4. Solution of the cases 
of plane triangles. — Right-an- 
gled plane triangles. — 5. On the 
application of trigonometry to 
measuring heights and distances. 
— ^Determination of height! and 
distances by approximate me- 
chanical methods. 

CHAPTER VI. CONIC SECTIONS. 

1. Definitions. — 2. Properties of the 
ellipse. — 3. Properties of the hy- 
perbola. — 4. Properties of the 
parabola. 

CHAFim. Vn. — PROPBBTIXS OF 
CURYBS. 

1. Definitions. — 2. The conchoid. — 
3. The cissoid. — 4. The cycloid 
and epicycloid. — 5. Thequadra- 
trix. — 6. The catenary. — Rela- 
tions of Catenarian Curves. 

MATHEMATICS. 

of structures. — Equilibrium of 
piers or abutments. — Pressure 
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Skct. 

CHAPTER III. — DYNAMICS. 

1. General Definitions. 

2. On the general lavrs of uniform 

and variable motion. — Motion 
uniformly accelerated. — Motion 
of bodies under the action of 
gravity. — Motion over a fixed 
pulley, and on inclined planes. 

3. Motions about a fixed centre, or 

axis. — Centres of oscillation and 
percussion. — Simple and com- 
pound pendulums. — Centre of 
gyration, and the principles of 
rotation. — Central forces. 

4. Percussion or collision of bodies 

in motion. 

5. Mechanical powers. — Levers. — 

Wheel & axle. — Pulley. — In- 
clined plane. — ^W'edge and screw. 

CHAPTER TV. — HYDROSTATICS. 

1. General Definitions. — 2. Pressure 

' and equilibrium of Non-elastic 

Fluids. — 3. Floating Bodies. — 

4. Specific gravities. — 5. On 

capillary attraction. 

CHAPTER V. HYDRODYNAMICS. 

1. Motion and efiluence of liquids. 

2. Motion of water in conduit pipes 

and open canals, over weirs, 
&c. — Velocities of rivers. 

3. Contrivances to measure the velo- 

city of running waters. 

CHAPTER VI. — PNEUMATICS. 

1. Weight and equilibrium of air and 

elastic fluids. 

2. Machines for raising water by 

the pressure of the atmosphere. 

3. Force of the wind. 



Skct. 

CHAPTER YII. — ^MECHANICAL AGENTS. 

1. Water as a mechanical agent. 

2. Air as a mechanical agent. — Cou- 

lomb's experiments. 

3. Mechanical agents depending upon 

heat. The Steam Engine. — 
Table of Pressure and Tempera- 
ture of Steam. — General de- 
scription of the mode of action 
of the steam engine. — Theory 
of the same. — Description of 
various engines, and formuls for 
calculating their power : picxsti- 
cal application. 

4. Animal strength as a mechanical 

agent. 

CHAPTER VIII. STRENGTH OF 

MATERIALS. 

1. Results of experiments, and prin- 

ciples upon which they should 
be practically applied. 

2. Strength of materials to resist 

tensile and crushing strains. — 
Strength of columns. 

3. Elasticity and elongation of bodies 

subjected to a crushing or ten- 
sile strain. 

4. On the strength of materials sub- 

jected to a transverse straui. — 
Longitudinal form of beam of 
uniform strength. — Transverse 
strength of other materials than 
cast iron. — The strength of 
beams according to the manner 
in which the load is distributed. 

5. Elasticity of bodies subjected to a 

transverse strain. 

6. Strength of materials to resist 

torsion. 



APPENDIX. 

I. Table of Logarithmic DifFerenees. 
II. Table •( Logarithmt of Numbers, from 1 to 100. 

III. Table of Logarithms of Numbers, from 100 to 10,000. 

IV. Table of Logarithmic Sines, Ttogents, Secants, tec, 

V. Table of Useful Factors, extending to several places of Decimals. 
VI. Table of various Useful Numbers, with their Logarithms. 
VII. Table of Diameters, Areas, and Cireumfeiences of Circles, fee. 
Till. Table of Relations of the Arc, Abscissa, Ordinate and Subnormal, in the CataUOJ* 
IX. Tables of the Lengths and Vibrations of Pendulums. 
X, Table of Snecific Gravities. 
-^/'S^^t **^ ^^e^t of Afateriila frequently employed in Constraction. 
maetplea of Cbronometen, 
^Bfart Jk feebanical ExptdientM. 
9tmmtionmoa the EOeet of Old London BfvAKe oti iSdfttv^ta, *t^^ 
maamof xp«...'.i. ^u Xtomctricttl PerapecUve. 
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